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NOTICE 


The specifications contained within this Sharp Memory Data Book are current as of the 
publication date. 

The product data provided is classified and labeled as follows: 


CLASSIFICATION * 

DESCRIPTION 

Product Preview 

Contains inforrhation about a device that is in the 
planning stage or the soon to be in-development stage. 

Advance Information 

Contains information about a device that is in 
development. Includes design specifications for device 
development. 

Preliminary 

Contains information for device soon to be, or recently, 
released to production. 

No label is used for this 
classification. 

Contains information about a device that is In full 
production. 


* Note: occasionally certain product data information may be classified and labeled 
differently than the main classification label. For example, a main label may be ‘Preliminary,’ 
but the 15 ns version of that part may be labeled ‘Advance Information.’ 


The Sharp Memory Data Book is the proprietary product of Sharp and is copyrighted, 
with all rights reserved. Under the copyright laws, no part of this publication may be 
reproduced or transmitted in any form or by any means, electronic or mechanical, for any 
purpose, in whole or in part, without the express written permission of Sharp. Express 
written permission is also required before any use of this publication may be made by a 
third party. 

Sharp reserves the right to make changes in the circuitry or specifications described 
herein at any time without notice in order to improve design or reliability. The information 
in this Memory Data Book has been carefully checked to be accurate, however. Sharp 
makes no warranty for any errors which may appear in this document. Contact Sharp to 
obtain the latest version of device specifications before placing your order. 

Sharp makes no representations that circuitry described herein is free from infringement 
of patent or other rights of third parties which may result from its use. No license is granted 
by implication under any patent rights or other rights of Sharp Corporation. 

© SHARP Corporation, 1994. Printed and bound in the U.S.A. 






PREFACE 


As we become more and more an information-oriented society, memory products have 
come to play a major role in both home and office equipment. On the one hand, 
computer-related services are growing ever more sophisticated and diverse; on the other, 
they are becoming much more accessible to each of us in our daily lives. Along with this 
increase in the importance of the information processing in our lives, we are faced with a 
growing demand for memory products using the most advanced technology. 

To keep pace with this rapid progress, we at Sharp will continue to direct our efforts at 
understanding the crucial trends of the moment in this area and supply our customers 
with products that truly meet their needs. In short, to contribute to a better life for all of 
us in this age of expanding technology. 

Sharp has developed a wide range of memory units including PSRAMs, SRAMs, 
Mask-Programmable ROMs, and FIFO Memories for use in numerous areas of application. 
Sharp memory units are used extensively in personal computers, advanced office auto¬ 
mation and measuring control equipment, video games, as well as in character processing 
and dictionary ROMs. 

This data book has been especially compiled for the use of our customers. Listed here 
Is the entire range of memory products developed and manufactured by Sharp, with 
detailed explanations of their many functions and outstanding features. We hope that you 
find this book useful In determining which Sharp products are best suited to your needs. 
Please contact us directly if you have any further questions. 
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General Information - Product Lineup 


PSEUDO-STATIC RAMs 



Density 

Organization 


LH5P832 

256K 

32Kx8 

2-1 

LH5P864 

512K 

64Kx8 

2-8 

LH5P8128 

1M 

128Kx8 

2-17 

LH5P8129 

1M 

128KX8 

2-29 

Pseudo-Static RAM Cross Reference 

2-41 


STATIC RAMs 


LH5101 

IK 

256x4 

3-1 

LH5114 

4K 

IKx 4 

3-7 

LH5116/H 

16K 

2Kx8 

3-13 

LH5116S 

16K 

2Kx 8 

3-21 

LH5118/H 

16K 

2Kx 8 

3-28 

LH5168/H 

64K 

8Kx 8 

3-36 

LH5168SH 

64K 

8Kx 8 

3-45 

LH5168ST 

64K 

8Kx 8 

3-53 

LH5168Z8 

64K 

8K X 8 (3 V) 

3-61 

LH5168Z9 

64K 

8K X 8 (3 V) 

3-69 

LH5268A 

64K 

8Kx 8 

3-77 

LH51256L 

256K 

32Kx8 

3-85 

LH52B256 

256K 

32Kx8 

3-92 

LH52252A 

256K 

64Kx4 

3-101 

LH52253 

256K 

64Kx4 

3-108 

LH52258A 

256K 

32Kx8 

3-115 

LH521002 

1M 

256K X 4 

3-123 

LH521007A 

1M 

128Kx8 

3-131 

LH521008 

1M 

128Kx8 

3-139 

LH521028 

1.125M 

64Kx 18 

3-147 

LH52V1036B2 

1.125M 

32K X 36 

3-162 

LH52V1036C4 

1.125M 

32K X 36 

3-178 

Static RAM Cross Reference 

3-195 


MASK-PROGRAMMABLE ROMs 


LH53259 

256K 

32Kx8 

4-1 

LH53515 

512K 

64Kx8 

4-5 

LH53H0900 

1M 

t28K X 8 

4-9 

LH530800A 

1M 

128Kx8 

4-13 

LH530800A-Y 

1M 

128Kx8 

4-17 

LH531000B 

1M 

128Kx8 

4-20 

LH532000B 

2M 

256Kx8/128Kx 16 

4-24 

LH532000B-S 

2M 

256Kx8/128Kx 16 

4-30 

LH532100B 

2M 

256K X 8 

4-36 

LH53H4000/ 

4M 

512Kx8/256Kx 16 


LH53H4100 


512Kx8 

4-40 

LH534K00 

4M 

512Kx8 

4-41 

LH534P00 

4M 

512Kx8/256Kx 16 

4-46 

LH534R00 

4M 

512Kx8 

4-51 


MASK-PROGRAMMABLE ROMs (cont’d) 
Density Organization 


LH534000B 

4M 

512Kx8/256Kx 16 

4-56 

LH534000B-S 

4M 

512Kx8/256Kx 16 

4-62 

LH534100B 

4M 

512Kx8 

4-68 

LH534500A 

4M 

512Kx8/256Kx 16 

4-73 

LH534600A 

4M 

512Kx8/256Kx 16 

4-79 

LH538P00A 

8M 

1Mx8/512Kx 16 

4-84 

LH538R00A 

8M 

1Mx8 

4-90 

LH538000-S 

8M 

1Mx8/512Kx 16 

4-95 

LH538300B 

8M 

1Mx8 

4-101 

LH538500B 

8M 

1Mx8/512Kx 16 

4-106 

LH538600 

8M 

1Mx8/512Kx 16 

4-113 

LH5316500C 

16M 

2Mx8/1Mx 16 

4-120 

LH5316501 

16M 

2Mx8/1Mx 16 

4-126 

LH5332500 

32M 

4M X 8/2M X 16 

4-131 

FIFO MEMORIES 




LH5481/91 

0.5K 

64 X 8/64 X 9 

5-2 

LH5492 

36K 

4Kx9 

5-16 

LH5496/96H 

4.5K 

512 X 9 

5-34 

LH5497/97H 

9K 

1Kx9 

5-49 

LH5498 

18K 

2Kx9 

5-64 

LH5499 

36K 

4Kx9 

5-79 

LH5420 

18K 

256 X 36 X 2 

5-94 

LH540202 

9K 

1Kx9 

5-129 

LH540203 

18K 

2Kx9 

5-145 

LH540204 

36K 

4Kx9 

5-161 

LH540205 

72K 

8Kx9 

5-177 

LH540215/25 

9K/18K 

512 X 18/IK X 18 

5-193 

LH543601/11 

18K/36K 

256 X 36 X 2/ 




512x36x2 

5-231 

LH543620 

36K 

IKx 36 

5-271 

FIFO Cross Reference 


5-306 
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General Information - Product Lineup 


PSEUDO STATIC RAMs 


ORGAN- MODEL ACCESS TIMES (ns) 
D ENSITY IZATION NUMBER 50 60 70 80 100120 

|-|256K|-f32Kx8 HTh 5P832 f-T | | 


PSEUDO 
SRAM i 


^512K| - r^Kx8| - LH5P864 

4^'' 


UX 

H 


CYCLE TIMES (ns) 

70 100110130140150160190 


PACKAGE SK- 
SDIPDIPSOPSOJ DIP TSOP 


[- |l28K X sh LH5P8128^| -r 


L 12aKx8|- LH5Pei29'|- 


n 


ZK 


mi 



■ 

□ 

mm 

□ 

■ 

□ 

E3 

mm 

□ 

B3 

□ 


32 

□ 

32^1 


CAPACITY 

CONFIG¬ 
URATION 
(WORDS X BITS) 

MODEL NO. 

ACCESS 
TIME (ns) 
MAX. 

CYCLE 
TIME (ns) 
MIN. 

POWER 

CONSUMPTION 
OPERATING/ 
STANDBY 
(mW) MAX. 

OPERATING 

MODE 

PACKAGE 

256K 

32,768 X 8 

LH5P832 

100 

120 

160 

190 

357.5/16.5 

303/16.5 

PSEUDO 

SRAM 

28DIP/ 

28SK-DIP/ 

28SOP 

512K 

65,536 X 8 

LH5P864 

80 

140 

440/5.5 

PSEUDO 

SRAM 

32 SOP 

1M 

131,072 x8 

LH5P8128 

60 

100 

572/5.5 

PSEUDO 

SRAM 

32DIP/ 

32SOP/ 

32TS0P3 

80 

130 

440/5.5 

100 

160 

358/5.5 

LH5P8129 

60 

100 

572/5.5 

80 

130 

385/5.5 

100 

160 

358/5.5 


NOTES: 

□ = Not available. 

^ = Operating frequency or access/cycle time parts that are either available 

now or soon to be available. Contact your Sharp representative for availability. 

1. CS Control 

2. CE Control 

3. TSOP(I) 

4. TSOP(II) - Consult factory for availability. 

MD-7A 
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General Information - Product Lineup 


STATIC RAMS 
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General Information - Product Lineup 


STATIC RAMS 


PROCESS 

DENSITY 

ORGANIZATION 
(WORDS X BITS) 

MODEL NO. 

ACCESS 
TIME (ns) 
MAX. 

CYCLE 
TIME 
(ns) MIN. 

POWER 

CONSUMPTION 
OPERATING/ 
STANDBY 
(mW/pW) MAX. 

PACKAGE 

FULL CMOS 

IK 

256x4 

LH5101 

300 

300 

137.5/55 

22DIP 

4K 

1,024 x4 

LH5114 

150 

150 

110/27.5 

18DIP 

16K 

2,048 X 8 

LH5116 

100 

100 

220/5.5 

24DIP/24SOP/24SK-DIP 

LH5116H ^ 

100 

100 

220/5.5 

LH5116S^ 

1000 

1000 

33/3.3 

24SOP 

LH5118 

100 

100 

220/5.5 

24DIP/24SOP/24SK-DIP 

LH5118H ^ 

100 

100 

220/5.5 

64K 

8,192x8 

LH5168 

100 

100 

248/5.5 

28DIP/28SOP/28SK-DIP/ 

28TSOP(l) 

LH5168H ^ 

100 

100 

275/16.5 

28DIP/28SOP/28SK-DIP 

LH5168SH 

500 

500 

60/9 (3V) 

28SOP 

LH5168ST 

500 

500 

60/3 (3V) 

28TSOP(l) 

LH5168Z8 

200 

200 

60/3 (3\/) 

28SOP 

LH5168Z9 

260 

260 

60/3 (3V) 

28SOP 

256K 

32,768 X 8 

LH51256L ^ 

100 

100 

248/27.5 

28DIP/28SOP 

120 

120 

CMOS 

PERIPHERY 

64K 

8,192x8 

LH5268A 

100 

100 

220/220 

28DIP/28SK-DIP/28SOP 

256K 

65,536 X 4 

LH52252A 

25 

25 

825/5500 

24SK-DIP/24SOJ 

35 

35 

660/5500 

45 

45 

550/5500 

LH52253 

20 

20 

800/5500 

28SK-DIP/28SOJ 

25 

25 

745/5500 

35 

35 

745/5500 

32,768 X 8 

LH52B256 

70 

70 

440/550 

28DIP/28SOP/28SK-DIP/ 

28TSOP{l) 

100 

100 

385/550 

LH52258A 

20 

20 

825/5500 

28SK-DIP/28SOJ 

25 

25 

745/5500 

1M 

262,144 x4 

LH521002 

20 

20 

715/11000 

28SOJ 

25 

25 

660/11000 

35 

35 

550/11000 

131,072 x8 

LH521008 

20 

20 

825/11000 

32SOJ 

25 

25 

770/11000 

35 

35 

660/11000 

LH521007A 

20 

20 

770/27500 

32SOJ 

25 

25 

688/27500 

35 

35 

633/27500 

1.125M 

65,536 X 18 

LH521028 

20 

20 

1650/275000 

52PLCC 

25 

25 

1650/275000 

35 

35 

1650/275000 

32,768 X 36 

LH52V1036B2 

9 

15 

866/295 

100TQFP 

10 

15 

866/295 

12 

20 

728/243 

17 

25 

624/208 

LH52V1036C4 

7 

15 

866/295 

10 

20 

728/243 

12 

25 

624/208 

15 

30 

572/191 


NOTES: 

1 • Topr = -40 to +85®C 

2. T TSOP (Type I) Forward bend 
TR TSOP (Type I) Reverse bend 

3. Supply Voltage (V) = 3 ± 10% 

4. Supply Voltage (V) = 2.5 to 5.5 
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General Information - Product Lineup 


MASK-PROGRAMMABLE ROMs 


ORGAN- MODEL ACCESS TIME (ns) PACKAGE 


PINOUT DENSITY IZATION NUMBER 55 70 80 100120150 200 500 DIP SOPTSOP QFP 



NOTES: 

□ = Not available. 

□ = Operating frequency or access/cycle time parts that are either available 

now or soon to be available. Contact your Sharp representative for availability. 

LH5XXX: CMOS 

1. 14x14 mm2 package 

2. QFP also available in 10 x 10 mm^ package 

3. TSOP(Typel) 

4. TSOP(Typell) 


MD-5 


SHARR 
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General Information - Product Lineup 


MASK-PROGRAMMABLE ROMs 


DENSITY 

ORGANIZATION 
(WORDS X BITS) 

MODEL NO. 

USERS NO. 

ACCESS TIME 
(ns) MAX. 
CYCLE TIME 
(ns) MIN. 

POWER 

CONSUMPTION 
(mW) MAX. 

PACKAGE 

256K 

32,768 X 8 

LH53259 

LH5359XX 

150 

110 

28DIP/28SOP/44QFP ^ 

512K 

65,536x8 

LH53515 

LH5315XX 

150 

195 

28DIP/28SOP/44QFP ^/32SOP 

1M 

131,072x8 

LH53H0900 

LH5H09XX 

55 

660 

32DIP/32SOP 

LH530800A 

LH531HXX 

150 

195 

32DIP/32S0P/44QFP2 

LH530800A-Y 

LH531YXX 

500 

193 

32DIP/32SOP/44QFP ^ 

LH531000B 

LH531GXX 

150 

195 

28DIP/28SOP/44QFP ^ 

2M 

262,144 X 8 

LH532100B 

LH532HXX 

120/150 

275 

32DIP/32SOP/32TSOP(ll) 

262,144 X 8 
131,072x16 

LH532000B 

LH532GXX 

120/150 

275 

40DIP/40SOP/44QFP ^•^/48TSOP(l) 

LH532000B.S 

LH532SXX 

500 

225/275 

40DIP/40SOP/44QFP ^■2/48TSOP(l) 

4M 

524,288 X 8 

LH53H4100 

LH5H41XX 

80 

550 

32DIP/32SOP/32TSOP{ll) 

LH534K00 

LH534KXX 

150 

330 

32DIP/32SOP/32TSOP{ll) 

LH534R00 

LH534RXX 

120 

358 

32DIP/32SOP/32TSOP(ll) 

LH534100B 

LH534HXX 

200 

275 

32DIP/32SOP 

524,288 X 8 
262,144 X 16 

LH53H4000 

LH5H40XX 

80 

550 

40DIP/40SOP/48TSOP(I) 

LH534P00 

LH534PXX 

120 

358 

40DIP/40SOP/44QFP V48TSOP(l) 

LH534600A 

LH534UXX 

100 

550 

40DIP/40SOP/44QFP V48TSOP{l) 

LH534500A 

LH534FXX 

150 

275 

40DIP/40SOPM4QFP ^ /48TSOP(l) 

LH534000B 

LH534GXX 

200 

275 

40DIP/40SOP/44QFP ^’2/48TSOP(l) 

LH534000B-S 

LH534SXX 

500 

225/275 

40DIP/40SOP/44QFP ^’2/48TSOP(l) 

8M 

1,048,576 x8 

LH538R00A 

LH538HXX 

120 

330 

32DIP/32SOP/32TSOP{ll) 

LH538300B 

LH5383XX 

150 

275 

32DIP/32SOP/32TSOP(ll) 

1,048,576 x8 
524,288 X 16 

LH538P00A 

LH538PXX 

120 

330 

42DP/44SOP/48TSOP(l) 

LH538000-S 

LH538SXX 

500 

225/275 

42DIP/44SOP/48TSOP{l)/B4QFP 

LH538500B 

LH5385XX 

150 

275 

42DIP/44SOP/44QFP ^ /64QFP/48TSOP(l) 

LH538600 

LH5386XX 

100 

385 

42DIP/44SOP/44QFP ^ /64QFP/48TSOP(l) 

16M 

2,097,152 X 8 
1,048,576x 16 

LH5316500C 

LH5370XX 

150 

275 

42DIP/44SOP/48TSOP(0 

LH5316501 

LH5371XX 

150/70 ^ 

385 

42DIP/44SOP 

32M 

4,194,304 x8 
2.097,152 X 16 

LH5332500 

LH5355XX 

150 

275 

44SOP/64QFP 


NOTES: 

1. 14x14 mm^ package 

2. QFP also available In 10 x 10 mm^ package 

3. Page Mode only available In 70 ns 
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General Information - Product Lineup 


FIFO MEMORIES 


SHALLOW 

ASYNCH. 


ORGAN- 
DENSITY IZATION 

^ 64x8 


64x9 


MODEL 

NUMBER 


OPERATING 

FREQUENCY 

(MHz) 

35 25 15 


PACKAGE 

DIPSOJ SK-DIPPLCC 





ACCESS TIME (ns) 
15 20 25 35 50 65 80 



,LH5496/96H, 
^LH5497/97H - 
] LH540202 ' - 
\ LH5498 - 

LH540203 - 
\ LH5499 } 

LH540204 - 
\ LH540205 [ 




m 


^ 28 I I 28 I 32 I 

28 28 28 32 

jiT 28 32 

28 28 28 32 

28 32 

28 28 28 32 

IzTI I 28 I I 


CLOCK SYNCH. 


1 1 


|512x18| 

H 



1 1 

H 

|lKx18 1 

H 



1 36K 1 

H 

1 4K X 9 1 

H 



1 36K 1 

H 

|lKx36 1 

-1 


LH540215 

LH540225 

LH5492 

LH543620 


CYCLE TIME (ns) 
15 20 25 30 35 


t BIDIRECTIONAL 


ii 



M 

L.I IwHv^Li 1 1 



PGAPQFP 
] 120 132 

PGAPQFP 
- |l20 1321 
PGAPQFP 
] 120 11321 


NOTES: 

□ = Contact your Sharp representative for availability. 

Hi = Operating frequency or access/cycle time parts which either are available 

now or are soon to be available. Contact your Sharp representative for availability. 
Asychronous parts are specified according to access time or operating frequency; 
synchronous parts are specified according to cycle time. 


SHARR 
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General Information - Product Lineup 


FIFO MEMORIES 


DENSITY 

ORGANIZATION 
(WORDS X BITS) 

MODEL NO. 

OPERATING 

FREQUENCY 

mzi 

ACCESS 
TIME 
(ns) MAX. 

CYCLE 
TIME 
(ns) MIN. 

POWER 

CONSUMPTION 
(mW) MAX. 
ACTIVE 
STANDBY 

PACKAGE 

0.5K 

64x8 

LH5481 

15 

26 

67 

248/- 

28SK-DIP/28PLCC 


22 

40 


20 

28 

64x9 

LH5491 

ts 

26 

67 

248/- 

28SK-DIP/28PLCC 

25 

22 

40 

35 

20 

28 

4.5K 

512x9 

LH5496 

40 

IS 

25 

550/28 

28SK-DIP/28DIP/32PLCC 

LH5496/96H 

33 

' m 

30 

28 

2$ 

35 

22 


45 

15 

m 

65 

12 

m 

80 

10 

80 " 

100 

9K 

1,024 x9 

LH5497 

40 

16 

25 

550/28 

28SK-DIP/28DIP/32PLCC 

LH5497/97H 

33 

20 

30 

28 

25 

35 

22 

35 

45 

15 

50 

65 

12 

6$ 

80 

10 

80 

100 

LH540202 * 

40 

IS. 

25 

550/28 

28SK-DIP/28DIP/28SOJ/ 

32PLCC 

33 

20 

30 

28 

2S 

35 

22 

• ^ 

45 

15 


65 

512x18 

LH540215 ‘ 

50 

12 

20 

550/28 

68PLCC 

40 

15 

26 

28 

20 

35 

CD 

256 X 36 X 2 

LH5420 

40 

15 

25 

1540/- 

120PGA/132PQFP 

33 

20 


28 

25 

35 

LH543601 ‘ 

50 

12 


1540/- 

120PGA/132PQFP 

40 

15 

. 

33 

18 

30 

28 

21 

1 ^ 

2,048 X 9 

LH5498 

40 

IS 

25 

550/28 

28SK-DIP/28DIP/32PLCC 

33 

20 

1 30 

28 

26 

1 35 

22 

35 

45 

15 

SO 

65 

12 

65 

80 

10 

60 

100 


P] Primary parameter for speed-grade specification. 
* Contact your Sharp representative for availability. 
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FIFO MEMORIES (cont’d) 


DENSITY 

ORGANIZATION 
(WORDS X BITS) 

— 

MODEL NO. 

OPERATING 

FREQUENCY 

(MHz) 

ACCESS 
TIME 
(ns) MAX. 

CYCLE 
TIME 
(ns) MIN. 

POWER 

CONSUMPTION 
(mW) MAX. 
ACTIVE/ 
STANDBY 

PACKAGE 

18K 

2,048 X 9 

LH540203 * 

40 

15 

25 

550/28 

28SK-DIP/28DIP/28SOJ/ 

32PLCC 

33 

. m . 

30 

28 


35 

22 

35 

45 

15 

50 

65 

1,024x 18 

LH540225* 

50 

12 

20 

550/28 

68PLCC 

40 

15 

25 

28 

20 

35 

20 

25 

50 

36K 

512x36x2 

LH543611 * 

50 

12 

20 

1540/- 

120PGA/132PQFP 

40 

15 

25 

33 

18 

.30.:. 

28 

21 

35 

4,096 X 9 

LH5499 

33 

. m . 

30 

605/44 

28DIP/32PLCC 

28 


35 

22 

36 

45 

15 

$0 

65 

12 

m 

80 

10 

so 

100 

LH540204* 

33 

20 

30 

605/44 

28SK-DIP/28D1P/28SOJ/ 

32PLCC 

28 

.2$. 

35 

22 

35 

45 

15 

■■■ 

65 

LH5492 

40 

20 

25 

825/138 

32PLCC 

33 

22 

30 

28 

25 

35 

1,024 x 36 

LH543620* 

50 

14 

. m . 

TBD 

132PQFP 

40 

15 

2$ 

33 

21 

30 

72K 

8,192 X 9 

LH540205 * 

33 


30 

605/44 

28SK-DIP/28DIP 

28 

25 . 

35 

22 

35 

45 

15 

50 . 

65 


n Primary parameter for speed-grade specification. 
* Contact your Sharp representative for availability. 
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General Information - Quality Assurance 


QUALITY ASSURANCE 

Quality Assurance System 

Sharp develops and produces a wide range of con¬ 
sumer and industrial-use semiconductor products. 

In recent years, the applications of ICs have ex¬ 
panded significantly, Into fields where extremely high 
levels of quality are critical. 

In response. Sharp has implemented a total quality 
assurance system that encompasses the entire produc¬ 
tion process from planning to after-sales sen/ice. This 
system ensures that quality is a priority in the planning 
development and production and guarantees product 
reliability through rigorous reliability testing. We com¬ 
piled the "Sharp Semiconductor Reliability Handbook, 
1C Edition" to Introduce you to the results of some of 
our research and to our quality and reliability philosophy 
and programs. We hope that it is Informative and that 
it will help Sharp customers develop and refine their 
quality and reliability assurance and control activities. 
We will Introduce a part of this system here. 

Sharp’s quality and reliability assurance activities are 
based on the following guidelines: 

• All personnel should participate In quality assur¬ 
ance by continually cultivating a higher level of 
quality awareness. 

• I n the design and development stages of new prod¬ 
ucts, create reliable designs that consider reliability 
in every respect. 

• Quality control in all production processes, all work¬ 
ing environments, materials, equipment, and meas¬ 
uring devices should be carefully monitored to 
ensure quality and reliability from the very beginning 
of the production process. 

• Confirm long-term reliability and obtain a thorough 
understanding of practical limits through reliability 
testing. 

• Continually work to improve quality through appli¬ 
cation of data from process inspections, reliability 
testing, and market surveys. 


Quality Assurance During 
New Product Development 

New product development (Figure 1) begins with an 
accurate grasp of the purpose, environment, and man¬ 
ners in which customers will use the product as well as 
the required reliability. A development plan is then 
drafted, clarifying the price, quantity, sales period and 
target reliability of the product to be manufactured. 

Quality and reliability are built into the product from 
the beginning of the product cycle by introducing design 
review (DR) and reliability planning in the development 
and design stage. The first tasks undertaken in this 
stage are process development and circuitry design, by 
which a prototype, or technical sample (TS), is made. 
An evaluation of the technical sample is conducted, 
centering on the function and performance of the sam¬ 
ple under conditions in which the final product will be 
used (TS evaluation). 

Next, an engineering sample (ES) is made, based 
on the results of the TS evaluation, and It is subjected 
to ES evaluation. The ES evaluation consists of deter¬ 
mining, under mass production conditions, whether the 
product functions and performs as intended during de¬ 
velopment and design. Reliability testing is also used 
to decide whether the engineering sample has the re¬ 
quired degree of reliability. 

In the final stage, the transfer of the product to mass 
production is discussed - based on the results of the 
TS and ES evaluations. Once TS and ES are accepted, 
preproduction begins. At this time, it is determined 
whether the quality and reliability obtained during de¬ 
velopment and design can be maintained, whether there 
are any discrepancies in the production process and 
whatyields will be. The manufacturability of the product 
is determined, based on these results. 

DR (Design Review) is performed to prevent faulty 
operation and to enhance the functions, usability, quality 
and reliability, upon completion of structural design, 
logic design, software design, circuit design, TS/ES 
evaluation and reliability tests. 
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RELIABILITY ASSESSMENT 


RELIABILITY 

DESIGN 

AND 

DESIGN 

REVIEW 


PREPRO 

DUCTION 



MASS PRODUCTION 


DETERMINATION OF MASS 
PRODUCTION FEASIBILITY 


MD-8| 


Figure 1. New Product Development Steps 
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PROCESS 


CHARACTERISTIC(S) CONTROLLED 


PURPOSE OF CONTROL 


z. 


SILICON 

WAFER 


n INCOMING 
^ INSPECTION 



OXIDATION 


OXIDE INSPECTION 
MONITORING 

PHOTOLITHOGRAPHY 


VISUAL INSPECTION 
MONITORING 

ION IMPLANTATION 


ELECTRICAL 
INSPECTION OF CHIP 
MONITORING 

DICING 

BREAK. SORTING 


DIE 

INSPECTION 


EXTERNAL APPEARANCE, DIMENSIONS, 
SHEET RESISTIVITY 


EXTERNAL APPEARANCE, FILM 
THICKNESS, SURFACE CLEANLINESS 


DEVELOPABILITY, ETCHABILITY, 
LINE WIDTH 


ELECTRICAL CHARACTERISTICS, 
MAJOR DEVICE CHARACTERISTICS 


EXTERNAL APPEARANCE 


REMOVE PRODUCTS HAVING 
IMPROPER DIMENSIONS, 

FLAWS AND CRYSTAL DEFECTS. 
ENSURE PROPER SHEET 
RESISTANCE VALUES 

FIND PINHOLES, CHECK SURFACE 
CLEANLINESS AND CONTROL 
FILM THICKNESS 


CHECK FOR PROPER 
DEVELOPMENT AND ETCHING. 
CONTROL LINE WIDTH 


REMOVE PRODUCTS HAVING 
POOR ELECTRICAL CHARACTER¬ 
ISTICS. ENSURE PROPER 
DEVICE CHARACTERISTICS 


REMOVE CRACKED AND 
CHIPPED ITEMS. 


WIRE 


MOLDING 

COM¬ 

POUNDS 





DIE BONDS 


DIE BOND 

INSPECTION 

MONITORING 

WIRE BONDS 


WIRE BOND 
INSPECTION 
MONITORING 


EXTERNAL APPEARANCE 
ADHESIVE STRENGTH 


EXTERNAL APPEARANCE 
TENSILE STRENGTH 


ENSURE QUALITY OF DIE 
BONDS 


CHECK POSITION AND SHAPE OF 
BONDS. ENSURE PROPER WIRE 
TENSILE STRENGTH 


? ENCAPSULATION/MOLD 
MONITORING 


TEMPERATURE, TIME, STRESS 
WIRE CONDUCTIVITY 


ENSURE MOLDABILITY. ENSURE 
PROPER WIRE CONFIGURATION 


STABILIZED BAKE 

LEAD SURFACE 
FINISHING 

FINISHING 

INSPECTION 

MONITORING 


INGREDIENTS, TEMPERATURE, 
CONTAMINATION 

THICKNESS, UNIFORMITY 
(SOLDERABILITY) 

PLATED LAYER COMPOSITION 
PLATED LAYER THICKNESS 


MAINTAIN FINISH QUALITY 


REMOVE PRODUCTS HAVING 
PLATING IRREGULARITIES. 
MAINTAIN PLATING QUALITY 


MARKING 


TEMPERATURE, TIME, 
MARKING MATERIAL 


LEAD CUT 
FORMING 


TOOLING SHARPNESS 
TOOLING DIMENSIONS 


MAINTAIN MARK QUALITY 


PREVENT ABNORMAL STRESS ON 
PLASTIC MOLD RESULTING IN 
DAMAGE 
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Figure 2. Example of the Quality Control Process 
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Raw Materials Control 

The level of product quality and reliability is largely 
governed by the quality of the materials originally mak¬ 
ing up the production process and environment. 

It Is the responsibility of the vendor to execute the 
quality assurance of basic materials purchased by 
Sharp. Raw material quality assurance is conducted 
according to the following system: 

• Initial selections of a raw material manufacturer. 

• Quality qualification for each new material put into 
use (quality and reliability assessments of devices 
in which such new materials are used). 

• Periodic quality consultations based on quality in¬ 
formation obtained during mass production. 

Acceptance inspections are carried out as necessary 
based on acceptance criteria derived from product 
specifications and approved drawings. 

Control of the Manufacturing 
Environment 

Integrated circuit devices are manufactured In a 
clean room where there is minimal airborne particulates. 
The use of ultrapure water also aids cleanliness. Such 
conditions are necessary due to the adhesion of even 
small bits of foreign particles (0.1 pm or less), no more 
than 1/5-1/10 the size of the smallest 1C pattern, can 
result in defects later In the process. 

Particulates not only affects chip yields, but can also 
have a lethal affect on the quality and reliablity of a 
device. Therefore, the cleanliness of every piece of 
equipment and facility In the plant as well as that of 
work clothes and work articles are controlled. Degree 
of cleanliness Is usually expressed numerically as the 
number of particles over 0.5 pm per cubic foot of air. 

The degree of cleanliness maintained in Sharp clean 
rooms, where wafers come In direct contact with air, is 
Class 1. Temperature and humidity are maintained at 


constant levels by continuous computer-controlled 
monitoring (Table 1). 

The ultrapure de-lonized (Dl) water used in the wafer 
process is manufactured with an ultrapurification equip¬ 
ment, employing ion-exchange treatment, ultraviolet 
irradiation and ultrafiltration systems. 

Table 1. 

Clean Room Temperature & Humidity Standards 


Temperature 

24±0.5'’C 

Humidity 

45 ± 5% RH 


Control of Facilities 
and Instrumentation 

Intregrated circuit device technology is experiencing 
rapid revolutionary change, and advances in 1C pro¬ 
duction facilities and equipment are equally impressive. 

Process automation is promoted by using the latest 
CIM (Computer Intregrated Manufacturing) system to 
create devices having stable quality and to reduce 
variance of characteristics. In addition, production fa¬ 
cilities maintenance control, and precision control for 
various instrumentation devices are implemented by 
both dally and periodic spot inspections. 

Facilities’ control Is conceptually based on Total Pro¬ 
ductive Maintenance (TPM), in which all concerned 
employees systematically participate in facilities main¬ 
tenance activities. Sharp’s goal Is to create a highly 
skilled human resource through activities such as: 

• operator-initiated maintenance; 

• scheduled maintenance; 

• corrective maintenance. 

Control of instrumentation devices Is in accordance 
with Japanese national standards. Regular calibration 
by overseeing public agencies also helps maintain a 
high level of accuracy in these devices. 
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2. FUNCTIONAL, ELECTRICAL 
CHARACTERISTICS AND APPEARANCE 


3. SAMPLING INSPECTION (BY LOT) 

MD-10 


Figure 3. Product inspection System 


Quality Control During 
the Production Process 

Designed-In quality and reliability must be faithfully 
built into a device during production to manufacture 
consistently high-quality and high-reliability products. 

Production Operations are therefore based on spe¬ 
cific, established operational standards. Checks are 
performed at each process step to decide whether 
specific characteristics have been obtained and quality 
has been built in. Each process is monitored to ensure 
that defectives are not sent to the next process. This 
Is done by rigorously carrying out various standardized 
controls, appropriate to each process, such as moni¬ 
toring, visual inspections and sampling Inspections. 

Sharp strongly promotes the automation of produc¬ 
tion facilities and equipment. Sharp works to prevent 
quality problems before they occur and to stabilize 
quality. Operations that required human skills in the 


past are now automated. Computer Integrated Manu¬ 
facturing (CIM) Is being Introduced Into the wafer proc¬ 
ess. CIM is used to Implement comprehensive 
production control, including conveyance within a proc¬ 
ess, equipment monitoring and progress control. CIM 
enables several types of process data to be processed 
together. Control charts and process capacity index 
(Cpk) are computed in real time for individual pieces of 
equipment. Even minute fluctuations in characteristics 
are fed back to improve control. 

Reliability is also being assessed by periodic sam¬ 
pling. This test is a long-term reliability assessment, 
and the results are fed back to the related divisions. 

While quality assurance tests and inspections are 
conducted for Improving and maintaining quality, they 
also are used to predict the probable reliability a product 
will have in the marketplace. They provide a multi-fac¬ 
eted approach to ensuring product quality. 
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Table 2. 

Reliability Test Items 


CLASSIFICATION 

TEST 

PURPOSE ACONDITIONS 

REFERENCE 

STANDARDS 

Thermal 

Soldering Heat 

To determine soldering heat resistance. 

JISC7022: A-1 

Environment 


Standard test coadiJlQns: 

MIL-STD-750C 2031 

Tests 


Solder bath temperature: 260 ± 5°C 

Time: 10 ±1 sec. 

Solder composition: Pb:Sn = 4:6 

lEC Pub. 68 Test Tb 


Temperature Cycling 

To determine resistance to high and low temperatures 
and to temperature changes between these extremes. 
Standard test conditions: 

Ta = Tstg MIN ~ Tstg MAX [gas environment] 

JISC7022: A-4 
MIL-STD-883C 1010 
lEC Pub. 68 Test Na, Nb 


Thermal Shock 

To determine resistance to sudden changes in 
temperature. 

Standard test conditions: 

Ta = Tstg MIN ~ Tstg MAX [liquid environment] 

JISC7022: A-3 
MIL-STD-883C 1011 
lEC Pub. 68 Test Nc 

Mechanical 

Variable Frequency 

To determine resistance to vibration during 

JISC7022: A-10 

Environment 

Vibration 

transportation and use. 

MIL-STD-883C 2007 

Tests 


Standard test conditions: 

Cycle: 100 ~ 2000 Hz in 4 min. 

Peak acceleration: 20 G 

Orientation: four (4) times in each of the 
orientations of ± X, ± Y and ± Z 

lEC Pub. 68 Test Fc 


Mechanical Shock 

To determine resistance to shocks during 
transportation & use. 

Standard test conditions: 

Peak acceleration: 1500 G 

Pulse duration: 0.5 ms 

Orientation: three (3) pulses in each of the 
orientations ± X, ± Y and ± Z 

JISC7022: A-7 
MIL-STD-883C 2002 
lEC Pub. 68 Test Ea 


Constant Acceleration 

To determine resistance to constant acceleration. 
Standard test conditions: 

Stress level: 20,000 G, 

Orientation: applied for one (1) min. In each 
of the orientations ± X, ± Y and ± Z 

JISC7022: A-9 
MIL-STD-883C 2001 
lEC Pub. 68 Test Ga 


Lead Integrity 

To determine resistance to installation and handling 
such as wiring. 

(1) Tensile strength. 

Standard test conditions: 

A specified load is applied in a direction 
parallel to the lead axis for 10 ± 1 sec. 

(2) Bending strength. 

StandaLd-test conditions: 

A specified load is applied to the tip of each 
lead and the lead is bent once each through a 
+ and - 90° arc and back. (The specified load 
is determined by nominal cross section or nominal 
section modulus.) 

*TCP (tape carrier package): N/A 

JISC7002: A-11 
lEC Pub. 68 Test U 
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Table 2. (cont’d) 
Reliability Test Items 


CLASSIFICATION 

TEST 

PURPOSE &CONDITIONS 

REFERENCE 

STANDARDS 

Mechanical 

Environment 

Tests 

Solderability 

To determine the solderability of leads which are 
connected by soldering. 

Solder bath temperature: 230 ± 5°C, 

Dip time: 5 ± 0.5 sec. 

Solder composition: Pb:Sn = 4:6, used with 
rosin flux. 

JISC7022: A-2 
MIL-STD-883C 2003 

Seal (Hermeticity) 

To determine the effectiveness of the seal of 
hermetically sealed devices. 

(1) Fine leak detection (helium): measured with a 
helium detector after storage in an He atmosphere at 
a prescribed pressure for a designated time period. 

(2) Gross leak observation (bubbles): observation of 
bubbles formed by a fluorocarbon or silicone oil. 

JISC7022: A-6 
MIL-STD-883C 1014 
lEC Pub. 68 Test Q 


Life Tests 

High Temperature 
Operation 

To determine resistance to prolonged operating 
stress, electrical and thermal. 

Standard test conditions; 

Ta = Top MAX 

Operating source voltage = Max. operating voltage 

JIS C 7022: B-1 
MIL-STD-883C 1005 

High Temperature 
Storage 

To determine resistance to prolonged high 
temperature storage. 

Standard test conditions: 

Ta = Tstg MAX 

JIS C 7022; B-3 
MIL-STD-883C 1008 

Low Temperature 
Storage 

To determine resistance to prolonged low temperature 
storage. 

Standard test conditions: 

Ta = Tstg MIN 

JIS C 7022: B-4 
lEC Pub. 68 Test A 

High Temperature/ 

High Humidity Bias 

To determine resistance to prolonged temperature, 
humidity and electrical stress. 

Standard -test conditions: 

85‘’C, 85% RH 

Applied voltage = Vtypical 

JIS C 7022: B-5 
lEC Pub. 68 Test C 
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Table 2. (cont’d) 
Reliability Test Items 


CLASSIFICATION 

TEST 

PURPOSE ACONDITIONS 

REFERENCE 

STANDARDS 

Miscellaneous 

Pressure Cooker 
(PCT) 

To evaluate moisture resistance in a short period of 
time. 

Standard test condition.?.: 

121°C, 2atm, no electrical load. 

100% RH 

EIAJIC-121: 18 

Composite Test 

Several tests (selected from those listed above) 
performed in series to effectively evaluate product. 
Example: for a surface mount device: 
High-Temperature/High-Humidity 

Storage->Soldering Heat 

Resistance->Pressure cooker (PCT) 


Electrostatic 

Discharge Strength 

To determine resistance to electrostatic stress. 

Standard test conditions: 

(1) Human body model: 

Earth capacity C = 100 pF, equivalent 

Resistance R = 1.5 kQ 

(2) Machine model: 

Earth capacity C = 200 pF, equivalent 

Resistance R = 0i2 

MIL-STD-883C 3015 
EIAJ IC-121:20 

Latch-Up Strength 

To determine resistance to latch-up. 

Standard test conditions; 

(1) Condenser charge 

(2) Current application 

(3) Vcc overvoltage application 
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Figure 4a. Quality Assurance System 
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Reliability Tests 

Reliability Test Methods 

Reliability tests should always have good reproduci¬ 
bility. Thus, reliability tests for 1C devices are based on 
standardized test methods. Such uniform testing stand¬ 
ards include those established by JIS (Japanese Indus¬ 
trial Standard), MIL (U.S. Military Standard), EIAJ 
(Electronic Industries Association of Japan) and lEC 
(International Electrotechnical Commission). As indi¬ 
cated in Table 2, however, Sharp has established Its 
own testing method based on these standards. 

Advances in semiconductor device technology are 
astonishing, and they call for higher quality and reliability 
standards, improved failure analysis techniques are 
therefore necessary to ensure semiconductor device 
reiiablity. 

The causes of semiconductor device failure are be¬ 
coming increasingly diverse. This diversity Is the result 
of element and Interconnect miniaturization required for 
higher integration. It is also due to an increasingly 
complex manufacturing process with an increased num¬ 


ber of steps from the wafer fabrication process to the 
assembly process. 

Failure analysis is the use of human, physical and 
electrical analytical procedures to clarify the failure 
mechanisms of defective parts. It is used to evaluate 
defective Items appearing throughout the life of parts: 
during the semiconductor manufacturing process, out¬ 
going inspections and reliability testing; during the 
user’s incoming Inspections, processing and reliability 
testing; and during operation in the field. 

The ultimate goal of failure analysis is to prevent the 
recurrence of failure. It is necessary to establish various 
measures based on the results of failure analysis and 
to feed those measures back to the manufacturing 
process and product users. 

Sharp has an on-going program of supplying users 
with our own quality data, reliability test data, etc., upon 
request. It is just one of Sharp’s efforts to maintain a 
high degree of user service. Figures illustrates Sharp’s 
Quality Information Routes. 



FEEDBACK 
TO RELATED 
DEPARTMENTS 


QUALITY 

IMPROVEMENT 

ACTIVITIES 


REQUEST MODIFICATIONS 
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Handling Precautions 

All the semiconductor products listed in this data 
book are manufactured based on exacting designs and 
under comprehensive quality control. However, to take 
full advantage of the features offered and to assure 
each products’ long-life service, please refer to the 
following items. 

Maximum Ratings 

It Is generally known that the failure rate of semicon¬ 
ductor products increases as the temperature in¬ 
creases. It Is therefore necessary that the ambient 
temperature be within the maximum rated temperature. 
Further, It is desirable from the stand-point of reliability 
that the ambient temperature be lowered as much as 
possible. The voltage, current, and electric power used 
are also factors that significantly Influence the life of 
semiconductor products. Voltage or current that ex¬ 
ceeds the rated level may damage the semiconductor 
product; even if applied only momentarily and the unit 
continues to operate properly, excessive voltage or 
current will likely increase the failure rate. 

Therefore, in actual circuit design, it is important that 
the semiconductor products have an allowance with 
respect to the voltage, current and temperature condi¬ 
tions under which they will be used. The greater this 
allowance, the fewer the failures that will occur. 

To keep failures to a minimum, the circuit should be 
designed so that under all conditions to absolute maxi¬ 
mum, the ratings are not exceeded even momentarily 
and so that the maximum values for any two or more 
items are not achieved simultaneously. In addition, 
remember that the circuit functions of semiconductor 
products are guaranteed within the operating tempera¬ 
ture range (Topr) or the absolute maximum ratings, but 
that storage temperature (Tstg) is the range in a non¬ 
operating condition. 

Storage Precautions 

General Storage Precautions 

a. Storing product in the packing in which it is shipped 
is recommended. If transferred to a different con¬ 
tainer, use one that will not readily carry an elec¬ 
trostatic charge. 

b. Store at conditions of normal temperature (5 - 35°C) 
and normal humidity (45 - 75% RH). 

c. Avoid storing product in the presence of corrosive 
gases or dusty areas. 


d. Avoid storing product in areas of direct sunlight or 
where sudden temperature changes will occur. 

e. Avoid stacking product or otherwise applying heavy 
loads. 

f. In the case of extended storage, take particular 
care against corrosion and deterioration in lead 
solderability. Inspecting such product before use 
is recommended. 

Basic Electrostatic Discharge 
Countermeasures 

Semiconductor device mounting requires exacting 
precautions to avoid applying excessive static electricity 
to the semiconductor. Item (a) - (c) below are basic 
electrostatic discharge countermeasures. 

a. Use humidifiers and the like to ensure against ex¬ 
cessively low relative humidity in the work environ¬ 
ment. (Maintaining relative humidity consistently 
above 50% is ideal). 

b. To prevent sudden electrostatic discharge, spread 
high-resistance electroconductive mats (about 
1 0^Q) over workbenches and have workers wear 
wrist (ground) straps. 

Have workers wear clothing made of charge-resis¬ 
tant cotton, noncharging materials (10^ - 10^"^ Q) or 
static electricity dissipating materials (10^ - 10® Q). 
Anti-static foot apparel is also effective. 

c. Ionizers (ionized air blowers) are effective when it 
Is difficult to discharge static electricity from mount¬ 
ing equipment, contacting dielectrics and semicon¬ 
ductors. 

Sharp recommends using static electricity measuring 
devices to quantify electrostatic charges and develop 
effective countermeasures. 

When forming the lead wires of semiconductor prod¬ 
ucts to be mounted, forceps or a similar tool that will 
prevent stress from being applied to the base of the 
wires should be used. 

To prevent the input terminals of semiconductor prod¬ 
ucts on completed printed circuit boards from becoming 
open during storage or transport, the terminals of the 
circuit board should be shortcircuited or the entire circuit 
board itself should be wrapped in aluminium foil. 
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Figure 6. Failure Analysis Procedure 
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Soldering and Cleaning 

When a semiconductor product is solder-bonded, 
specify the best conditions according to Table 4. If 
using a soldering iron, use one that doesn’t leak from 
the soldering tip. An ‘A Class’ soldering iron with an 
insulation resistance of less than 10 MQ is recom¬ 
mended. When using a solder bath, it should be 
grounded to prevent an unstable electric potential. 

Using a strongly acidic or alkaline flux for soldering 
can cause corrosion of the lead wires. A rosin flux is 
Ideal for this type of soldering. 

To assure the reliability of a system, removal of the 
solder flux is generally required. 

To prevent stress of semiconductor products and 
circuit boards when using ultrasonic cleaning, a clean¬ 
ing method must be used that will shadow the main 
unit from the vibrator and specify the best conditions 
according to the following; 


Table 3. 

Recommended Conditions for PC Board Cleaning 


Ultrasonic Power 

less than 25 W/l 

Cleaning Conditions 

less than one minute total 

Cleaning Solution 
Temperature 

15 to 40°C 


Adjustment and Tests 

When the set is to be adjusted and tested upon 
completion of the printed circuit board, the printed circuit 
board must be checked to ensure that there are no 
solder bridges or cracks before the power is turned on. 
Also, if the market-rated voltage and current are to be 
used, it is wise to use a current limiter. 

Whenever a printed circuit board Is to be removed 
or mounted, or mounted on a socket, the power must 
be turned off. 

When testing with a probe, care must be taken to 
assure that the probe does not come In contact with 
other signals or the power supply. If the test location 
has been decided beforehand, it is wise to set up a 
specially designed test-pin for testing. 

When testing in high and low temperatures, the con¬ 
stant-temperature bath must be grounded and meas¬ 
ures taken to protect the set Inside the bath from static 
electricity. 

Table 4 outlines the semiconductor bonding and 
testing methods. 


Table 4. 

Semiconductor Bonding and Testing Methods 


BONDING 

METHOD 

TEMPERATURE 

AND TIME 

TEST 

POSITION 

Infrared 

reflow 

Peak temp. 240°C or less 
230°C or more within 15 sec. 
Heating speed: 1 to 4°C/sec. 

Surface 1C 
package 

Flow 

dipping 

245°C or less 

Within 3 sec./cycle 

Within 5 sec. in total 

Solder bath 

VPS 

215°C or less 

250°C or less, within 40 sec. 

Steam 

Hand 

soldering 

260°C or less, within 10 sec. 

1C outer 
lead 
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General Information - Timing Diagram Conventions 


TIMING DIAGRAM CONVENTIONS 


TIMING DIAGRAM 

INPUT FUNCTIONS 

OUTPUT FUNCTIONS 


HIGH or LOW 

HIGH or LOW 

_ 

HIGH-to-LOW transitions allowed 

HIGH-to-LOW transitions 
during designated interval 

_ mm 

LOW-to-HIGH transitions allowed 

LOW-to-HIGH transitions 
during designated interval 

xxxxxxxxx 

Don't care 

State unknown or changing 

3ID Gg: 

(Does not apply) 

Centerline is high-impedance 
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PSEUDO-STATIC RAMs 



Density 

Organization 

Page 

LH5P832 

256K 

32Kx8 

2-1 

LH5P864 

512K 

64Kx8 

2-8 

LH5P8128 

1M 

128Kx8 

2-17 

LH5P8129 

1M 

128Kx8 

2-29 

Pseudo-Static RAM Cross Reference 
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LH5P832 


CMOS 256K (32K x 8) Pseudo-Static RAM 


FEATURES 

• 32,768 X 8 bit organization 

• Access time: 100/120 ns (MAX.) 

• Cycle time: 160/190 ns (MIN.) 

• Power consumption: 

Operating: 357.5/303 mW 
Standby: 16.5 mW 

• TTL compatible I/O 

• 256 refresh cycle/4 ms 

• Auto refresh is executed by internal 
counter (controlled by OE/RFSH pin) 

• Self refresh is executed by internal timer 

• Single +5 V power supply 

• Packages: 

28-pin, 600-mil DIP 
28-pln, 300-mll SK-DIP 
28-pin, 450-mil SOP 

DESCRIPTION 

The LH5P832 is a 256K bit Pseudo-Static RAM 
organized as 32,768 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 

The LH5P832 uses convenient on-chip refresh cir¬ 
cuitry with a DRAM memory cell for pseudo static 
operation. This simplifies external clock inputs, while 
providing the same simple, non-multiplexed pinout as 
industry standard SRAMs. Moreover, due to the func¬ 
tional similarities between PSRAMs and SRAMs, many 
32K X 8 SRAM sockets can be filled with the LH5P832 
with little or no changes. The advantage is the cost 
savings realized with the lower cost PSRAM. 


The LH5P832 PSRAM has the ability to fill the gap 
between DRAM and SRAM by offering low cost, low 
standby power, and a simple interface. 

Three methods of refresh control are provided for 
maximum versatility. A ‘CE-Only’ refresh cycle re¬ 
freshes the addressed row of memory cells transpar¬ 
ently. All 256 rows must be refreshed or accessed every 
four milliseconds. ‘Auto Refresh’ automatically cycles 
through a different row on every OE/RFSH clock pulse, 
accomplishing the row refreshes without the need to 
supply row addresses externally. ‘Self Refresh’ further 
simplifies the refresh requirements by eliminating the 
need for address inputs and clock pulses entirely. An 
automatic timer senses time periods when memory 
accesses have ceased, and provides full refresh of all 
rows of memory without any external assistance. 


PIN CONNECTIONS 


28-PIN DIP 

28-PIN SK-DIP 

28-PIN SOP 

7 - 

'N 

TOP VIEW 

A14CI 

1 • 

28 

□ Vcc 

A12CI 

2 

27 

□ r/w 

ArC 

3 

26 

□ Ai3 

A© C 

4 

25 

□ A© 

AbC 

5 

24 

Z] Ag 

A 41 Z 

6 

23 

□ All 

AalZ 

7 

22 

□ OBRFSH 

AgC 

8 

21 

□ A 10 

Aid 

9 

20 

□ CE 

Aod 

10 

19 

□ I/O© 

l/Oid 

11 

18 

□ I/O 7 

l/Ogd 

12 

17 

□ l/O© 

l/Ogd 

13 

16 

□ 1/05 

GNDd 

14 

15 

□I /04 

5P832-1 


Figure 1. Pin Connections for DIP, SK-DIP, 
and SOP Packages 


SI-IARf> 
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LH5P832 


CMOS 256K (32K x 8) Pseudo-Static RAM 



PIN DESCRIPTION 


SIGNAL 

PIN NAME 

R/W 

Read/Write input 

OE/RFSH 

Output Enable/Refresh input 

l/Oi - I/Os 

Data inputs and outputs 

Ao ’ A? 

Row address inputs 


SIGNAL 

PIN NAME 

As - Ai4 

Column Address inputs 


Chip Enable input 

Vcxj 

Power supply 

GND 

Ground 


TRUTH TABLE 


CE 

WE 

OE/RFSH 

MODE 

l/Oi - l/Oe 

Icc 

NOTE 

L 

L 

X 

Write 

Data in 

Operating (Icc) 

1 

L 

H 

L 

Read 

Data out 

Operating (Icc) 


L 

H 

H 

^-Only Refresh 

High-Z 

Operating (Icc) 


H 

X 

L 

Auto Refresh 

High-Z 

Operating 

1,2 

H 

X 

L 

Self Refresh 

High-Z 

Standby 

1,3 


NOTES: _ 

1. X = H or L 2. SE Pulsewldth < 8 ns 3. OE Pulsewidth 2 8 (is 
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CMOS 256K (32K x 8) Pseudo-Static RAM 


LH5P832 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Applied voltage on any pin 

Vt 

-1.0 to+7.0 

V 

1 

Output short circuit current 

lo 

50 

mA 


Power consumption 

Pd 

600 

mW 


Operating temperature 

Topr 

0 to +70 



Storage temperature 

Tstg 

-65 to +150 

°C 



NOTE: 

1. Referenced to GND 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Input voltage 

ViH 

2.4 


Vcc + 0.3 

V 

ViL 

-1.0 


+0.8 

V 


CAPACITANCE (Vcc = 5.0 V ±10%, Ta = 0 to +70°C, f = 1 MHz) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 

Input capacitance 

Ao - Ai4, R/W 

CiNI 


8 

pF 

CE, OE/RFSH 

C|N2 


5 

PF 

Input/output capacitance 

l/Oi - I/Os 

CoUT 1 


12 

pF 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

UNIT 

NOTE 

Operating current 

lcci 

tRC = 160 ns 


65 

mA 

1 

Operating current 

Icci 

tRc = 190 ns 


55 

mA 

1 

Standby current 

ICC2 

CE = ViH, OE/RFSH = Vih 


3 

mA 

1 

Self refresh average current 

ICC3 

CE = Vih, OE/RFSH = Vil 


3 

mA 


CPU internal cycle 
average current 

ICC4 

tRc = 160 ns 


65 

mA 

1,2 

CPU internal cycle 
average current 

ICC4 

tRc = 190 ns 


55 

mA 

1,2 

Input leakage current 

III 

0 V < ViN < 6.5 V 

-10 

10 

pA 


Output leakage current 

Ilo 

0 V < VouT ^ Vcc + 0.3 V 

-10 

10 

pA 

1 

Output High voltage 

VOH 

louT = -1 mA 

2.4 


V 


Output Low voltage 

VoL 

louT = 4 mA 


0.4 

V 



NOTES: 

1. The output pins are in high-impedance state. 

2. Iqci and Icc 4 depend on the cycle time. 

AC TEST CONDITIONS 


PARAMETER 

MODE 

Input voltage amplitude 

0.6 to 2.4 V 

Input rise/fall time 

5 ns 

Timing reference level 

1.5V 

Output load conditions 

1TTL gate, Cl = 100 pF 
(Includes scope and jig 
capacitance) 


SHARR 
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LH5P832 


CMOS 256K (32K x 8) Pseudo-Static RAM 


AC CHARACTERISTICS 

READ AND WRITE CYCLES (Vcc = 5.0 V ±10%, Ta = 0 to 70°C) 


PARAMETER 

SYMBOL 

160 ns 

190 ns 

UNIT 

NOTE 

MIN. 

MAX. 

MIN. 

MAX. 

Random read, write cycle time 

tRC 

160 


190 


ns 


Read modify write cycle time 

tRMW 

225 


280 


ns 


^ pulse width 

tCE 

100 

10,000 

120 

10,000 

ns 


^ precharge time 

tp 

50 


60 


ns 


Address setup time 

tAS 

0 


0 


ns 


Address hold time 

tAH 

20 


30 


ns 


Read command hold time 

tRCH 

0 


0 


ns 


Read command setup time 

tRCS 

0 


0 


ns 


^ access time 

tCEA 


100 


120 

ns 

3 

OE access time 

tOEA 


40 


50 

ns 

3 

^ to output in Low-Z 

tCLZ 

10 


10 


ns 


OE to output in Low-Z 

tOLZ 

0 


0 


ns 


Output enable from end of write 

tWLZ 

0 


0 


ns 


Chip disable to output in High-Z 

tCHZ 

0 

30 

0 

35 

ns 

2 

Output disable to output in High-Z 

tOHZ 

0 

30 

0 

35 

ns 

2 

Write enable to output in High-Z 

tWHZ 

0 

30 

0 

35 

ns 

2 

OE setup time 

tOES 

10 


10 


ns 


OE hold time 

tOEH 

0 


0 


ns 


^ lead time 

tOEL 

10 


10 


ns 


Write command pulse width 

twcp 

60 


85 


ns 


Write command setup time 

twcs 

60 


85 


ns 


Write command hold time 

tWCH 

60 


85 


ns 


Data setup time from write 

tosw 

40 


50 


ns 


Data setup time from ^ 

tDSC 

40 


50 


ns 


Data hold time from write 

tOHW 

0 


0 


ns 


Data hold time from ^ 

tDHC 

0 


0 


ns 


Transition time (rise and fall) 

tT 

3 

35 

3 

35 

ns 


Refresh time interval 

tREF 


4 


4 

ms 



REFRESH CYCLE 


Auto refresh cycle time 

tpc 

160 


190 


ns 


Refresh delay time from CE 

tRFD 

50 


60 


ns 


Refresh pulse width (Auto refresh) 

tFAP 

60 

8,000 

80 

8,000 

ns 


Refresh precharge time 
(Auto refresh) 

tFP 

30 


30 


ns 


CE delay time from refresh active 
(Auto refresh) 

tFCE 

190 


225 


ns 


Refresh pulse width (Self refresh) 

tFAS 

8,000 


8,000 


ns 


^ delay time from refresh 
precharge (Self refresh) 

tFRS 

190 


225 


ns 



NOTES: 

1. ^least 1 ms of pa use time after power on should be given for proper device operation. 

CE and OE/RFSH must be fixed at V|h for 1 ms from the Vqq reached to the specified voltage level. 

2. Active output to hlgh>Z and high-Z to output active tests specified for a ±500 mV transition 
from steady state levels into the test load. Cload = 5 pF. 

3. Measured with a load circuit equivalent to 1TTL loads and 100 pF. 
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CMOS 256K (32K x 8) Pseudo-Static RAM 


LH5P832 
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LH5P832 


CMOS 256K (32K x 8) Pseudo-Static RAM 
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CMOS 256K (32K x 8) Pseudo-Static RAM 


LH5P832 





^FAP 

tpp 

^FAP 


V . 




RFSH ViL - 

1 i 


I/O, - l/Oe VoH- 
Vql- 

NOTE: Ao - A14, R/W = Don't care 


HIGH-Z 

5P832-7 


Figure 7. Auto Refresh Cycle 


^ vir: _J 

tRFD 

tpAS 

-^ 

Vrs 







_OB v,H- 
RFSH V|L - 


/ 



.-l/Oo XoH- 


HIGH-Z 




NOTE: Aq - A| 4, R/W = Don't care 

Figure 8. Self Refresh Cycle 


ORDERING INFORMATION 


LH5P832 X 

Device Type Package 


-## 

Speed 

I _[l0 100 

^12 120 


Access Time (ns) 


Blank 28-pin, 600-mil DIP (DIP28-P-600) 

D 28-pln, 300-mil SKDIP (SKDIP28-P-300) 
N 28-pin, 450-mil SOP (SOP28-P-450) 


CMOS 256K (32K x 8) Pseudo Static RAM 


Example: LH5P832N-12 (CMOS 256K (32K x 8) Pseudo Static RAM, 120 ns, 28-pin, 450-mil SOP) 

5P832-9 


SHARR 
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LH5P864 


CMOS 512K (64K x 8) Pseudo-Static RAM 


FEATURES 

• 65,536 X 8 bit organization 

• Access time: 80 ns (MAX.) 

• Cycle time: 140 ns (MIN.) 

• Power supply: 

5 V± 10% 

• Power consumption: 440 mW (MAX.) 

• Operating temperature: 

0 to 70°C 

• TTL compatible I/O 

• Average supply current in self refresh 
cycle: 1 mA 

• 512 refresh cycles/8 ms (M/0<.) 

• Available for auto-refresh and self-refresh 
modes 

• Package: 32-pin, 525-mil SOP 


DESCRIPTION 

The LI-I5P862 is a 512K-bit Pseudo-Static RAM or¬ 
ganized as 65,536 x 8 bits. It is fabricated using sili¬ 
con-gate CMOS process technology. With its built-in 
oscillator, it is easy to refresh memories without an 
external clock. 

PIN CONNECTIONS 


32-PIN SOP 


' ^ 

TOP VIEW 

TEST C 

1* 

32 

m Vcc 

NO C 

2 

31 

□ no 

Ai4 C 

3 

30 

H CE2 

Ai2 C 

4 

29 

□ R/W 

ArC 

5 

28 

U Ai3 

AeC 

6 

27 

H As 

AsC 

7 

26 

I] Ag 

A4C: 

8 

25 

□ Aii 

A3 c 

9 

24 

□ OE/RFSH 

A2 [I 

10 

23 

□ A^o 

Ai C 

11 

22 

TJ 

ml 

AoC 

12 

21 

111/07 

I/Oq C 

13 

20 

□ l/Os 

1/O1 c 

14 

19 

□ I/O5 

I/O2 c 

15 

18 

□ I/O4 

GND □ 

16 

17 

J 

ni/03 

5P864-1 


Figure 1. Pin Connections for SOP Package 
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CMOS 512K (64K x 8) Pseudo-Static RAM 


LH5P864 



5P864-2I 


Figure 2. LH5P864 Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

Ao - Ai4 

Address input 

R/W 

ReadA/Vrite Enable input 

OE/RFSH 

Output Enable input/Refresh 
input 

^1,^2 

Chip Enable input 

I/O0-I/O7 

Data input/output 


SIGNAL 

PIN NAME 

Vcc 

Power Supply 

GND 

Ground 

Test 

Test Input 

NC 

No Connection 


SHIARP 
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LH5P864 


CMOS 512K (64K x 8) Pseudo-Static RAM 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Applied voltage on any pin 

Vt 

-1.0 to +7.0 

V 

1 

Output short circuit current 

lo 

50 

mA 


Operating temperature 

Topr 

Oto+70 

°C 


Storage temperature 

Tstg 

-65 to+150 

°C 



NOTE: 

1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input voltage 

VlH 

2.4 


Vcc + 0.5 

V 

ViL 

-1.0 


0.8 

V 


CAPACITANCE (Ta = 0 to +70°C, f = 1M, Vcc = 5.0 V ±10%) 


PARAMETER 

CONDITION 

SYMBOL 

MIN. 

MAX. 

UNIT 

Input capacitance 

> 

o 

> 

C 1 NI 


8 

PF 

R/W, OE/RFSH 

C|N2 


5 

PF 

^1,^2 

C|N3 


5 

pF 

Input/Output capacitfince 

l/Oo - I/O 7 

C 0 UTI 


10 i 

pF 


DC CHARACTERISTICS (Ta = 0 to +70°C, Vcc = 5.0 V ±10%) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

UNIT 

NOTE 

Operating current 

Icci 

tRC = tRC (MIN.) 


80 

mA 

1,2 

Standby current 

ICC2 



1.0 

mA 

1.3 

Self refresh average current 

ICC3 



1.0 

mA 

1,4 

Input leakage current 

III 

0 V < ViN ^ 6.5 V, 

0 V except on test pins 

-10 

10 

HA 


Output leakage current 

Ilo 

0 V < VouT ^ Vcc + 0.3 V, 
Outputs in High-Z state 

-10 

10 

HA 


Output HIGH voltage 

VOH 

loH = -1.0 mA 

2.4 


V 


Output LOW voltage 

VoL 

louT = 4.0 mA 


0.4 

V 



NOTES: 

1. The output pins are in high-impedance state. 

2. Icci depends on the cycle time. 

3. CEi = ^2 = V|H, = V,H 

4. CEi = CEg = V,H, OE/RFSH = V|l 
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CMOS 512K (64K x 8) Pseudo-Static RAM 


LH5P864 


AC CHARACTERISTICS (Ta = 0 to +70°C, Vcc = 5.0 V ±10%) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 

NOTE 

Random read, write cycle time 

tRC 

140 


ns 


Read modify write cycle time 

tRMW 

205 


ns 


CE pulse width 

tCE 

80 

10,000 

ns 


CE precharge time 

tp 

50 


ns 


Address setup time 

tAS 

0 


ns 

4 

Address hold time 

tAH 

20 


ns 

4 

Read command setup time 

tRCS 

0 


ns 


Read command hold time 

tRCH 

0 


ns 


CE access time 

tCEA 


80 

ns 

5 

OE access time 

tOEA 


30 

ns 

5 

CE to output in Low-Z 

tCLZ 

20 


ns 


OE to output in Low-Z 

tOLZ 

0 


ns 


R/\N to output in Low-Z 

tWLZ 

0 


ns 


Chip disable to output in High-Z 

tCHZ 


25 

ns 


Output disable to output in High-Z 

tOHZ 


25 

ns 


Write enable to output in High-Z 

tWHZ 


25 

ns 


OE setup time 

tOES 

10 


ns 


OE hold time 

tOEH 

10 


ns 


OE lead time 

tOEL 

10 


ns 


Write command pulse width 

twp 

30 


ns 


Write command setup time 

twcs 

30 


ns 


Write command hold time 

tWCH 

50 


ns 


Data setup time from write 

tosw 

30 


ns 

6 

Data setup time from CE 

tosc 

30 


ns 

6 

Data hold time from write 

tDHW 

0 


ns 

6 

Data hold time from CE 

tOHC 

0 


ns 

6 

Transition time (rise and fall) 

tT 

3 

35 

ns 


Refresh time interval 

tREF 


8 

ms 


Auto refresh cycle time 

tFC 

130 


ns 


Refresh delay time from CE 

tRFD 

50 


ns 


Refresh pulse width (Auto refresh) 

tFAP 

30 

8,000 

ns 


Refresh precharge time (Auto refresh) 

tFP 

30 


ns 


CE delay time from refresh precharge (Auto 
refresh) 

tFRS 

30 


ns 


Refresh pulse width (Self refresh) 

tFAS 

8,000 


ns 


CE delay time from refresh precharge (Self 
refresh) 

tFRS 

160 


ns 



NOTES: _ _ _ 

1. In order to initialize the circuit, CE^, CE 2 and UE/RFSH should 
be kept in V|h for 100 ps after power-up and followed by at least 
8 dummy cycles. 

2. AC characteristics are measured at tj = 5 ns. 

3. AC characteristics are measured at the following condition (see 
figure at right): 

4. Address is latched at the negative edge of CE^ or CE 2 . 

5. Measured with a load equivalent to 2TTL + 100 pF. 

6. Da^s latched at the positive edge of R/W or at the positive edge 
of CE-| or CE 2 . 



SHARR 
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LH5P864 


CMOS 512K (64K x 8) Pseudo-Static RAM 



2-12 


SHARP 




CMOS 512K (64K x 8) Pseudo-Static RAM 


LH5P864 
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LH5P864 


CMOS 512K (64K x 8) Pseudo-Static RAM 



Figure 5. Read-Modify-Write Cycle 
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CMOS 512K (64K x 8) Pseudo-Static RAM 


LH5P864 



Figure 6. CE Only Refresh Cycle 



NOTE: Ao - A 14 . RM Don't Care 

Figure 7. Auto Refresh Cycle 
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LH5P864 


CMOS 512K (64K x 8) Pseudo-Static RAM 



Figure 8. Seif Refresh Cycie 


ORDERING INFORMATION 
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LH5P8128 


CMOS 1M (128K X 8) Pseudo-Static RAM 


FEATURES 

• 131,072 X 8 bit organization 

• Access times (MAX.): 60/80/100 ns 

• Cycle times (MIN.): 100/130/160 ns 

• Power consumption: 

Operating: 572/440/358 mW (MAX.) 
Standby: 275 pW {MAX.) in self-refresh 
mode 

• TTL compatible I/O 

• Available for auto-refresh and self-refresh 
modes 

• 512 refresh cycles/8 ms 

• Compatible with JEDEC standard 1M 
SRAM pinout 

• Packages: 

32-pln, 600-mll DIP 
32-pin, 525-mll SOP 
32-pin, 8 X 20 mm^ TSOP (Type I) 
(normal and reverse bend pins) 


DESCRIPTION 

The LH5P8128 is a 1M bit Pseudo-Static RAM 
organized as 131,072 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 

A PSRAM uses on-chip refresh circuitry with a DRAM 
memory cell for pseudo static operation which elimi¬ 
nates external clock Inputs, while having the same 
pinout as industry standard SRAMs. Moreover, due to 
the functional similarities between PSRAMs and 
SRAMs, existing 128K x 8 SRAM sockets can be filled 
with the LH5P8128 with little or no changes. The 
advantage is the cost savings realized with the lower 
cost PSRAM. 

The LH5P8128 PSRAM has the ability to fill the gap 
between DRAM and SRAM by offering low cost, low 
power standby and a simple Interface. 


PIN CONNECTIONS 


32-PIN DIP 




TOP VIEW 

32-PIN SOP 






r 

> 



RFSH C 


32 

a 


Ai 6 tl 

2 

31 

I] Ai5 


Ai4 C 

3 

30 

Z] CE2 


Ai2 C 

4 

29 

□ FVW 


AyC 

5 

28 

^ Ai3 


Ae C 

6 

27 

Zl Ag 


AsC 

7 

26 

Zl Ag 


A4 C 

8 

25 

Z] A11 


A3 [I 

9 

24 

□ OE 


Aj C 

10 

23 

□ A10 


A, C 

11 

22 

u 

ml 


Ao C 

12 

21 

□ 1/07 


l/Oo C 

13 

20 

Dl/Oe 


I/O, C 

14 

19 

□ I/O5 


i/Oj C 

15 

18 

□ I/O4 


GND C 

16 

17 

/ 

□ 1/O3 






5P8128-1 


Figure 1. Pin Connections for DIP and 
SOP Packages 
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CMOS 1M (128K X 8) Pseudo-Static RAM 


LH5P8128 



Figures. LH5P8128BiockDiagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

Ao- Ai6 

Address input 

R/W 

ReadA/Vrite input 

OE 

Output Enable Input 


ABSOLUTE MAXIMUM RATINGS 


SIGNAL 

PIN NAME 

^1,CE2 

Chip Enable Input 

RFSH 

Refresh input 

I/O 0 -I/O 7 

Data Input/output 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Applied voltage on any pins 

Vt 

-1.0 to+7.0 

V 

1 

Operating temperature 

Topr 

0 to +70 

°c 


Storage temperature 

Tstg 

-55 to+150 



Output short circuit current 

lo 

50 

mA 


Power consumption 

Pd 

600 

mW 



NOTE: 

1. The maximum applicable voltage on any pin with respect to GND. 


SHARR 


2-19 

























LH5P8128 


CMOS 1M (128K X 8) Pseudo-Static RAM 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input voltage 

ViH 

2.4 


Vcc + 0.3 

V 

ViL 

-1.0 


0.8 

V 


CAPACITANCE (Ta = 0 to +70°C, f = 1 MHz, Vcc = 5.0 V ±10%) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 


Ao - Ai6 

C 1 NI 


8 

pF 

Input capacitance 

R/W,^ 

C|N2 


5 

pF 

^1,CE2 

C|N3 


5 

pF 


RFSH 

C|N4 


5 

pF 

Input/output capacitance 

l/Oo - I/O 7 

C 0 UTI 


!_!o 

pF 


DC CHARACTERISTICS (Ta = 0 to +70°C, Vcc = 5.0 V ±10%) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

UNIT 

NOTE 


LH5P8128-60 




104 



Operating current 

LH5P8128-80 

Icci 

tRC = tRC (MIN) 


80 

mA 

1,2 


LH5P8128-10 




65 



Standby current 

TTL Input 

ICC2 



1 

mA 

1,3 

CMOS Input 



0.05 

1,4 

Self-refresh average 

TTL Input 

ICC3 



1 

mA 

1,5 

current 

CMOS Input 



0.05 

1,6 

CPU internal cycle 
average current 

LH5P8128-60 




104 



LH5P8128-80 

ICC4 

(R/W = OE = Vih) 


80 

mA 

1,2 

LH5P8128-10 




65 



Input leakage current 

Ili 

0V<Vin<6.5V 

0 V on all other test pins 

-10 

10 

pA 


I/O leakage current 

Ilo 

0V<Vout<Vcc + 0.3V 
Output in high- 
impedance state 

-10 

10 

pA 


Output HIGH voltage 

VoH 

lour = 1 mA 

2.4 


V 


Output LOW voltage 

VoL 

louT = 4 mA 


0.4 

V 



NOTES: 

1. The output pins are in high-Impedance state 

2. Icoi and Icc 4 depend on the cycle time 

3 . CEi = V,H. RFSH = V|H 

4 . CEi = Vcc - 0-2 V, RFSH = Vcc ' 0-2 V 

5 . CEi = V,H. RFSH = V,L 

6 . CEi = Vcc - 0-2 V. RFSH = 0.2 V 
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CMOS 1M (128K X 8) Pseudo-Static RAM 


LH5P8128 


AC ELECTRICAL CHARACTERISTICS (Ta = 0 to +70°C, Vcc = 5.0 V ±10%) 


PARAMETER 

SYMBOL 

LH5P8128-60 

LH5P8128-80 

LH5P8128-10 

UNIT 

NOTE 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Random read, write cycle time 

tRC 

100 


130 


160 


ns 


Read modify write cycle time 

tRMW 

155 


195 


235 


ns 


CE pulse width 

tCE 

60 

10,000 

80 

10,000 

100 

10,000 

ns 


CE precharge time 

tp 

30 


40 


50 


ns 


Address setup time 

tAS 

0 


0 


0 


ns 

4 

Address hold time 

tAH 

15 


20 


25 


ns 

4 

Read command setup time 

tRCS 

0 


0 


0 


ns 


Read command hold time 

tRCH 

0 


0 


0 


ns 


CE access time 

tCEA 


60 


80 


100 

ns 

5 

OE access time 

tOEA 


25 


30 


35 

ns 

5 

CE to output in Low-Z 

tCLZ 

20 


20 


20 


ns 


OE to output in Low-Z 

tOLZ 

0 


0 


0 


ns 


Output enable from end of write 

tWLZ 

0 


0 


0 


ns 


Chip disable to output in High-Z 

tCHZ 


20 


25 


30 

ns 


Output disable to output in High-Z 

tOHZ 


20 


25 


30 

ns 


Write enable to output in High-Z 

tWHZ 


20 


25 


30 

ns 


OE setup time 

tOES 

0 


0 


0 


ns 


OE hold time 

tOEH 

10 


10 


10 


ns 


Write command pulse width 

twp 

30 


30 


30 


ns 


Write command setup time 

twcs 

30 


30 


30 


ns 


Write command hold time 

tWCH 

40 


50 


60 


ns 


Data setup time from write 

tosw 

25 


30 


35 


ns 

6 

Data setup time from CE 

tosc 

25 


30 


35 


ns 

6 

Data hold time from write 

tOHW 

0 


0 


0 


ns 

6 

Data hold time from CE 

tDHC 

0 


0 


0 


ns 

6 

Transition time (rise and fall) 

tT 

3 

35 

3 

35 

3 

35 

ns 


Refresh time interval 

tREF 


8 


8 


8 

ms 


Refresh command hold time 

tRHC 

15 


15 


15 


ns 


Auto refresh cycle time 

tPC 

I 100 


130 


160 


ns 


Refresh delay time from CE 

tRFD 

30 


40 


50 


ns 


Refresh pulse width 
(Auto refresh) 

tFAP 

30 

8,000 

30 

8,000 

30 

8,000 

ns 


Refresh precharge time 
(Auto refresh) 

tFP 

30 


30 


30 


ns 


Refresh pulse width (Self refresh) 

tPAS 

8,000 


8,000 


8,000 


ns 


CE delay time from refresh 
precharge (Self refresh) 

tPRS 

140 


160 


190 


ns 



NOTES: _ 

1. In order to initialize the circuit, CE^ should be kept at V|h or CE 2 
should be kept at V|l for 100 ps after power-up. 

2. AC characteristics are measured at tj = 5 ns. 

3. AC characteristics are measured at the following condition (see 
figure at right). 

4. Address is latched at the negative edge of CE^ or at the positive 
edge of CE 2 . 

5. Measured with a load equivalent to 2TTL + 100 pF. 

6. Data is l^hed at the positive edge of W/R or at the positive 
edge of CE^ or at the negative edge of CE 2 . 
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LH5P8128 


CMOS 1M (128K X 8) Pseudo-Static RAM 
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CMOS 1M (128K X 8) Pseudo-Static RAM 


LH5P8128 
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LH5P8128 


CMOS 1M (128K X 8) Pseudo-Static RAM 


^RC 


CE, 


V,L- 


CE 2 


Aq - Ai6 

V|L- 


OE 


Mih- 


FVW 


Mih- 


D|n vIl- 


l/Oo - i/07 


" Dour 


RFSH 


V,L- 



NOTE: CEi = LOW. CEg = HIGH, 


5P8128-6 


Figure 6. Write Cycie 2 (OE Ciock) 
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CMOS 1M (128K X 8) Pseudo-Static RAM 


LH5P8128 





NOTE: CEi = LOW, CEg = HIGH. 


5P8128-7 


Figure 7. Write Cycle 3 (OE = LOW) 


sharp 
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LH5P8128 


CMOS 1M (128K X 8) Pseudo-Static RAM 
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LH5P8128 


CMOS 1M (128K X 8) Pseudo-Static RAM 



Figure 11. Auto Refresh Cycle 


ORDERING INFORMATION 

LH5P8128 X -## 

Device Type Package Speed 



60L 60 

80L 80 Access Time (ns) 

10L 100 

Blank 32-pin, 600-mil DIP (DIP32-P-600) 

N 32-pin, 525-mil SOP (SOP32-P-525) 

T 32-pin, 8 X 20 mm^ TSOP (Type I) (TSOP32-P-0820) 

TR 32-pin, 8 x 20 mm^ TSOP (Type I) Reverse bend (TSOP32-P-0820) 

CMOS 1M (128K X 8) Pseudo-Static RAM 


Example: LH5P8128N-60L (CMOS 1M (128K x 8) Pseudo-Static RAM, 60 ns, 32-pin, 525-mil SOP) 
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LH5P8129 


CMOS 1M (128Kx8) 
CS-Control Pseudo-Static RAM 


FEATURES 

• 131,072 X 8 bit organization 

• Access times (MAX.): 60/80/100 ns 

• Cycie times (MiN.): 100/130/160 ns 

• Power suppiy: +5V±10% 

• Pin compatibie with 1M standard SRAM 

• Power consumption: 

Operating: 572/385/358 mW (M/VX.) 
Standby (TTL levei): 5.5 mW (MAX.) 
Standby (CMOS ievel): 0.55 mW (MAX.) 

• TTL compatibie i/0 

• Avaiiabie for auto-refresh and seif-refresh 
modes 

• 512 refresh cycies/8 ms 

• Packages: 

32-pin, 600-mii DiP 
32-pin, 525-mii SOP 
32-pin, 8 X 20 mm^ TSOP (Type I) 
(normai and reverse bend pins) 


DESCRIPTION 

The LH5P8129 is a 1M bit Pseudo-Static RAM 
organized as 131,072 x 8 bits, it is fabricated using 
silicon-gate CMOS process technology. 

A PSRAM uses on-chip refresh circuitry with a DRAM 
memory cell for pseudo static operation which elimi¬ 
nates external clock inputs, while considering the pinout 
compatibility with industry standard SRAMs. The 
advantage is the cost savings realized with the lower 
cost PSRAM. 

The LH5P8129 PSRAM has a built-in oscillator, 
which makes it easy to refresh memories without ex¬ 
ternal clocks. 

PIN CONNECTIONS 


32-PIN DIP 





TOP VIEW 

32-PIN SOP 








r 

-> 




RFSH C 

1* 

32 

Z Vqc 



Ai6 IZ 

2 

31 

Z Ai5 



Ai4 CI 

3 

30 

□ cs 



Ai2 C 

4 

29 

□ FVW 



Azc: 

5 

28 

□a,3 



A© C 

6 

27 

Z A© 



AsC 

7 

26 

Z] Ag 



A 41 I 

8 

25 

Z A 11 



A 3 c 

9 

24 

□ OE 



A 2 c 

10 

23 

Z A^o 



A, c 

11 

22 




AoC 

12 

21 

□ I/O 7 



l/Oo C 

13 

20 

Zi/o© 



I/O, C 

14 

19 

Z 1 /O 5 



I/O 2 c 

15 

18 

□ 1 /O 4 



GND C 

16 

17 

Z 1 /O 3 





J 








5P8129-1 


Figure 1. Pin Connections for DIP and 
SOP Packages 
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LH5P8129 


CMOS 1M (128K X 8) Pseudo-Static RAM 



Figure 2. Pin Connections for TSOP Packages 


TRUTH TABLE 



CS 

OE 

R/W 

RFSH 

Ao - Ai6 

I/O 1 - I/Os 

MODE 

L 

H 

L 

H 

H 

VX 

Dout 

Read 

L 

H 

X 

L 

H 

VX 

Din 

Write 

L 

H 

H 

H 

H 

VY 

High-Z 

CE only refresh 

L 

L 

X 

X 

X 

X 

High-Z 

CS standby 

H 

X 

X 

X 

L 

X 

High-Z 

Auto/Self refresh 

H 

X 

X 

X 

H 

X 

High-Z 

Standby 


NOTES: 

H = High at V,n = Vcc + 0.3 V to V,h (MIN.) 

L = Low at V|N = V,L (MAX.) to -1.0 V 
X = Don’t care at Vcc + 0.3 V to -1 .0 V 
VX = Ao-Aie address input when CE = L, then Don’t Care 
VY = Aq-As address input when CE = L, then Don’t Care, 

and A 9 -A 16 address = Don’t Care at Vcc + 0.3 V to -1.0 V 
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CMOS 1M (128K X 8) Pseudo-Static RAM 


LH5P8129 



NOTE: Pin numbers apply to 32-pin DIP or SOP. 


5P8129-3 


Figure 3. LH5P8129 Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

Ao- Ai6 

Address input 

R/W 

Read/Write input 

OE 

Output Enable input 


Chip Enable input 


SIGNAL 

PIN NAME 

CS 

Chip Select input 

RFSH 

Refresh input 

l/Oo - I/O7 

Data input/output 


SI-IARf=» 
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LH5P8129 


CMOS 1M (128K X 8) Pseudo-Static RAM 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Applied voltage on any pins 

Vt 

-1.0 to+7.0 

V 

1 

Operating temperature 

Topr 

0 to +70 

°C 


Storage temperature 

Tstg 

-65 to +150 



Output short circuit current 

lo 

50 

mA 


Power consumption 

Pd 

600 

mW 



NOTE: 

1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input voltage 

VlH 

2.4 


Vcc + 0.3 

V 

ViL 

-1.0 


0.8 

V 


CAPACITANCE (Ta = 0 to +70"C, f = 1 MHz, Vcc = 5.0 V ±10%) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 


Ao - Ai6 

C|N1 


8 

PF 

Input capacitance 

R/W,^ 

C|N2 


5 

PF 

^,CS 

C|N3 


5 

pF 


RFSH 

C|N4 


5 

pF 

input/output capacitance 

l/Oi - I/O? 

CoUT 1 


10 

pF 


DC CHARACTERISTICS (Ta = 0 to +70X, Vcc = 5.0 V ±10%) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

UNIT 

NOTE 


LH5P8129-60 




104 



Operating current 

LH5P8129-80 

lcci 

tRC = tRc (MIN) 


70 

mA 

1,2 


LH5P8129-10 




65 



Standby current 

TTL Input 

ICX:2 



1 

mA 

1,3 

CMOS Input 



0.1 

1,4 

Self-refresh 

TTL Input 

ICC3 



1 

mA 

1,5 

average current 

CMOS Input 



0.1 

1,6 

Input leakage current 

Ili 

0V<Vin<6.5V 

0 V except on test pins 

-10 

10 

pA 


I/O leakage current 

Ilo 

0 V < VouT ^ Vcc + 0.3 V 
Output in high-impedance state 

-10 

10 

pA 


Output HIGH voltage 

VoH 

louT = 1 mA 

2.4 


V 


Output LOW voltage 

VoL 

louT = 4 mA 


0.4 

V 



NOTES: 

1. The output pins are in high-impedance state 

2. Icci depends on the cycle time 

3. ^ = V|h,RF^ = V,H 

4. CE=Vcc-0.2 V,RF§H = Vcc-0.2 V 

5. CE=V,h, RFSH = V,L 

6. ^ = Vcc - 0.2 V,RF5R = 0.2 V 
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CMOS 1M (128K X 8) Pseudo-Static RAM 


LH5P8129 


AC ELECTRICAL CHARACTERISTICS (Ta = 0 to +70X, Vcc = 5.0 V ±10%) 


PARAMETER 

SYMBOL 

LH5P8129-60 

LHSP8129-80 

LH5P8129-10 

UNIT 

NOTE 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Random read, write cycle time 

tRC 

100 


130 


160 


ns 


Read modify write cycle time 

tRMW 

155 


195 


235 


ns 


CE pulse width 

tCE 

60 

10,000 

80 

10,000 

100 

10,000 

ns 


CE precharge time 

tp 

30 


40 


50 


ns 


CS setup time 

tcss 

0 


0 


0 


ns 


CS hold time 

tCSH 

15 


20 


25 


ns 


Address setup time 

tAS 

0 


0 


0 


ns 

4 

Address hold time 

tAH 

15 


20 


25 


ns 

4 

Read command setup time 

tRCS 

0 


0 


0 


ns 


Read command hold time 

tRCH 

0 


0 


0 


ns 


^ access time 

tCEA 


60 


80 


100 

ns 

5 

OE access time 

tOEA 


25 


30 


35 

ns 

5 

CE to output in Low-Z 

tCLZ 

20 


20 


20 


ns 


OE to output in Low-Z 

tOLZ 

0 


0 


0 


ns 


Output enable from end of write 

tWLZ 

0 


0 


0 


ns 


Chip disable to output in High-Z 

tCHZ 


20 


25 


30 

ns 


Output disable to output in High-Z 

tOHZ 


20 


25 


30 

ns 


Write enable to output in High-Z 

tWHZ 


20 


25 


30 

ns 


OE setup time 

tOES 

0 


0 


0 


ns 


hold time 

tOEH 

10 


10 


10 


ns 


Write command pulse width 

tWP 

30 


30 


30 


ns 


Write command setup time 

twcs 

30 


30 


30 


ns 


Write command hold time 

twCH 

40 


50 


60 


ns 


Data setup time from write 

tosw 

25 


30 


35 


ns 

6 

Data setup time from CE 

tDSC 

25 


30 


35 


ns 

6 

Data hold time from write 

tOHW 

0 


0 


0 


ns 

6 

Data hold time from CE 

tOHC 

0 


0 


0 


ns 

6 

Transition time (rise and fall) 

tT 

3 

35 

3 

35 

3 

35 

ns 


Refresh time interval 

tREF 


8 


8 


8 

ms 


Refresh command hold time 

tRHC 

15 


15 


15 


ns 


Auto refresh cycle time 

tpc 

100 


130 


160 


ns 


Refresh delay time from CE 

tRFD 

30 


40 


50 


ns 


Refresh pulse width 
(Auto refresh) 

tFAP 

30 

8,000 

30 

8,000 

30 

8,000 

ns 


Refresh precharge time 
(Auto refresh) 

tFP 

30 


30 


30 


ns 


Refresh pulse width (Self refresh) 

tFAS 

8,000 


8,000 


8,000 


ns 


CE delay time from refresh 
precharge (Self refresh) 

tpRS 

140 


160 


190 


ns 



NOTES: 

1. In order to initialize the circuit, an initial pause of 100 ps with 
CE = V|H, RFSH = V|H after power-up, followed by at least 8 
dummy cycles. 

2. AC characteristics are measured at tj = 5 ns. 

3. AC characteristics are measured at the following condition (see 
figure at right). 

4. Measured with a load equivalent to 2TTL + 100 pF. 

5. Address is latched at the negative edge of CE. 

6. Data is l^hed at the positive edge of B/\N or at the positive 
edge of CE. 


INPUT 


OUTPUT 


:x 


2.4 V 
0.8 V 


■ 2.6 V 
•0.6 V 


:x 


2.2 V 
0.8 V 
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LH5P8129 


CMOS 1M (128K X 8) Pseudo-Static RAM 


CE 


V,H- 

V|L- 


CS 


V,H- 

V|L- 




V,,- 


OE 


R/W 


V,H- 

V|L- 


I/O 0 -I/O 7 


VOH- 

VOL- 


Rfsh 



Figures. Read Cycle 
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LH5P8129 


CMOS 1M (128K X 8) Pseudo-Static RAM 
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CMOS 1M (128K X 8) Pseudo-Static RAM 


LH5P8129 
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LH5P8129 


CMOS 1M (128K X 8) Pseudo-Static RAM 
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LH5P8129 


CMOS 1M (128K X 8) Pseudo-Static RAM 



1 /O 0 - 1 /O 7 - 

- OPEN - 


NOTE: CS, OE, R/W, Aq - = Don't Care 


5P8129-12 


Figure 11. Self Refresh Cycle 




Figure 12. CS Standby Mode 


ORDERING INFORMATION 


LH5P8129 X -## 

Device Type Package Speed 

I 60L 60 

' -SOL 80 Access Time (ns) 

llOL 100 

rBlank 32-pin, 600-mil DIP (DIP32-P-600) 

N 32-pln, 525-mil SOP (SOP32-P-525) 

T 32-pin, 8 X 20 mm^ TSOP (Type I) (TSOP32-P-0820) 

[tR 32-pin, 8 X 20 mm^ TSOP (Type I) Reverse bend (TSOP32-P-0820) 

-CMOS 1M (128K X 8) Pseudo-Static RAM 

Example: LH5P8129N-60L (CMOS 1M (128K x 8) Pseudo-Static RAM, 60 ns, 32-pin, 525-mil SOP) 
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Pseudo-Static RAM Cross Reference 


PSEUDO-STATIC RAM CROSS REFERENCE 


ORGANIZATIONAL 

STRUCTURE 

SHARP MODEL 

COMPETITIVE 

VENDOR 

COMPETITIVE 

MODEL 

ACCESS TIME 

PACKAGE 

OPTIONS 

32K x8 

LH5P832 

Hitachi 

HM65256B 

100/120 ns 

DIP/SKDIP/SOP 

Toshiba 

TC51832 

64K x8 

LH5P864 

- 

- 

80 ns 

SOP 

- 

- 

128K X 8 

LH5P8128 

Hitachi 

HM658128A 

60/80/100 ns 

DIP/SOP/TSOP-I 

Toshiba 

TC518128A 

128Kx8w/CS 

LH5P8129 

Toshiba 

TC518129A 

60/80/100 ns 

DIP/SOP/TSOP-I 
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STATIC RAMS 



Density 

Organization 

Page 

LH5101 

1K 

256x4 

3-1 

LH5114 

4K 

1Kx4 

3-7 

LH5116/H 

16K 

2Kx8 

3-13 

LH5116S 

16K 

2Kx8 

3-21 

LH5118/H 

16K 

2Kx8 

3-28 

LH5168/H 

64K 

8Kx8 

3-36 

LH5168SH 

64K 

8Kx8 

3-45 

LH5168ST 

64K 

8Kx8 

3-53 

LH5168Z8 

64K 

8K X 8 (3 V) 

3-61 

LH5168Z9 

64K 

8K X 8 (3 V) 

3-69 

LH5268A 

64K 

8Kx8 

3-77 

LH51256L 

256K 

32Kx8 

3-85 

LH52B256 

256K 

32Kx8 

3-92 

LH52252A 

256K 

64Kx4 

3-101 

LH52253 

256K 

64Kx4 

3-108 

LH52258A 

256K 

32Kx8 

3-115 

LH521002 

1M 

256K X 4 

3-123 

LH521007A 

1M 

128Kx8 

3-131 

LH521008 

1M 

128Kx8 

3-139 

LH521028 

1.125M 

64Kx 18 

3-147 

LH52V1036B2 

1.125M 

32K X 36 

3-162 

LH52V1036C4 

1.125M 

32K X 36 

3-178 

Static RAM Cross Reference 
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Choosing a Sharp Static RAM 
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LH5101 


CMOS 1K (256 X 4) Static RAM 


FEATURES 

• 256 X 4 bit organization 

• Access time: 300 ns (MAX.) 

• Low-power consumption: 

Operating: 137.5 mW 
Standby: 55 pW 

• Single +5 V power supply 

• Fully-static operation 

• TTL compatible I/O 

• Three-state outputs 

• Two Chip Enables for ease of use 

• CE 2 signal enables the device to operate 
on a minimum standby current 

• Data retention is possible with low supply 
voltage (2.0 V) 

• Pin-to-pin equivalent to the Intel 5101 

• Package: 22-pin, 300-mil DIP 


DESCRIPTION 

The LH5101 is a static RAM organized as 256 x 4 
bits. It is fabricated using silicon-gate CMOS process 
technology. 

PIN CONNECTIONS 


28-PIN DIP 

r 


TOP VIEW 

A3 IZ 

1 • 

22 

^ Vcc 

A2 z 

2 

21 

□ A4 

A,E 

3 

20 

□ r/w 

AoC 

4 

19 

TJ 

ml 

AsC 

5 

18 

□ OD 

A^C 

6 

17 

Z CE2 

AyC 

7 

16 

□ D04 

GND C 

8 

15 

□ DI4 

Dl, E 

9 

14 

□ D03 

DO, E 

10 

13 

□ DI3 

DIs E 

11 

12 

□ D02 


<_ 


5101-1 


Figure 1. Pin Connections for DiP Package 
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LH5101 


CMOS IK (256 X 4) Static RAM 


OD 


CO 

CO 

Sen 

gS 

<3 

1“ 

IT 


I 

CC 





R/W (2^-► 

INPUT 

DATA 

CONTROL 

UI 1 \^J ^ 

UI 2 ujy ^ 

ni — 

UI 3 ► 

DI 4 0 -► 


-i>o- 


MEMORY 
CELL MATRIX 
(32 X 32) 


COLUMN I/O 
CIRCUITS 


{§) —(e)—( t)- 

A 5 Ag A? 


COLUMN ADDRESS 
DECODER 


COLUMN ADDRESS 
BUFFER 





^DOi 

DOo 


WDO3 

^D 04 


OD-CS 


Figure 2. LH5101 Biock Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

Ao- Ay 

Address input 

Dll - DI4 

Data input 

DO1 “ DO4 

Data output 

R/W 

Read/write Enable input 


Chip Enable Input 1 


SIGNAL 

PIN NAME 


Chip Enable Input 2 

OD 

Output disable 

Vec 

Power supply 

GND 

Ground (0 V) 


TRUTH TABLE 



CE2 

OD 

R/W 

Din 

OUTPUT 

MODE 

H 

X 

X 

X 

X 



X 

L 

X 

X 

X 



X 

X 

H 

H 

X 



L 

H 

H 

L 

X 



L 

H 

L 

L 

X 

Din 

Write 

L 

H 

L 

H 

X 

Dout 

Read 


NOTE: 

1. X = HorL 
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CMOS 1K (256 X 4) Static RAM 


LH5101 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

1 

Input voltage 

V|N 

-0.3 to Vcc + 0.3 

V 

1 

Output voltage 

VOUT 

-0.3 to Vcc+ 0.3 

V 

1 

Operating temperature 

Topr 

0 to +70 

°c 


Storage temperature 

Tstg 

-55 to+150 

°c 



NOTE: 

1. The maximum applicable voltage on any pin with respect to GND. 


DC CHARACTERISTICS (Ta = 0 to 70°C, Vcc = 5 V +10%) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Input ‘LOW’ voltage 

ViL 




0.65 

V 

Input ‘HIGH’ voltage 

ViH 


2.2 



V 

Output ‘LOW’ voltage 

VoL 

loL = 2.0 mA 



0.4 

V 

Output ‘HIGH’ voltage 

VOH 

loH =-1.0 mA 

2.4 



V 

Input leakage current 

MliI 

Vi = 0 V to Vcc 



1.0 


Output leakage current 

1 Ilo 1 

Vi = 0 V to Vcc, = 2.2 V 



1.0 

pA 

Operating current 

Icci 

Outputs open, V| = Vcc, 

CEi = 0.65 V 



20 

mA 

Icc 2 

Outputs open, V| = 2.2 V, 

CEi < 0.65 V 



25 

mA 

Standby current 

ISB 

Vi = 0 V to Vcc, 

CE2 = 0.2 V 



10 

mA 


AC CHARACTERISTICS 

(1) READ CYCLE (Ta = 0 to 70“C, Vcc = 5 V ±10%) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Read cycle time 

tRC 

300 



ns 

Address access time 

tAA 



300 

ns 

Chip enable access time 1 

tcoi 



250 

ns 

Chip enable access time 2 

tC02 



350 

ns 

Output disable to output 

too 



180 

ns 

Data output to high-Z state 

tOF 



100 

ns 

Previous read data valid with respect 
to address change 

tOHI 

0 



ns 

Previous read data valid with respect 
to chip enable 

tOH2 

0 



ns 


(2) WRITE CYCLE (Ta = 0 to 70X, Vcc = 5 V ±10%) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Write cycle time 

two 

300 



ns 

Chip enable (CEi) to end of write 

tcwi 

250 



ns 

Chip enable (CE 2 ) to end of write 

tcW2 

250 



ns 

Address valid time 

tAW 

60 



ns 

Data valid to end of write 

tow 

150 



ns 

Data hold time 

tOH 

40 



ns 

Write recovery time 

tWR 

40 



ns 

OD setup time 

tOD 

100 



ns 


SHARP 
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LH5101 


CMOS IK (256 X 4) Static RAM 


AC TEST CONDITIONS 


PARAMETER 

MODE 

Input voltage amplitude 

0.65 V to 2.2 V 

Input rise/fall time 

10 ns 

Timing reference level 

1.5V 

Output load condition 

im+100 pF 


DATA RETENTION CHARACTERISTICS ^ 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Data retention voltage 

VCCDR 

VcE 2 < 0.2 V 






Data retention current 

ICCDR 

VcE 2 ^ 0.2 V, 

VcCDR = 2.0 V 




HA 


Chip disable to data 
retention 

tCDR 


0 



ns 


Recovery time 

tR 





ns 

2 


NOTES: 

1. In the data hold mode, voltage on any I/O pin should be lower than 

2. tRc = Read cycle time 


CAPACITANCE (f = 1 MHz, Ta = 25°C) 


PARAMETER 

SYMBOL 

CONDITIONS 


TYP. 


UNIT 

Input capacitance 

CiN 

> 

o 

li 

z 

> 


3.5 

6 

pF 

Input/output 

capacitance 

Ci/o 

> 

o 

II 

> 


9 

12 

pF 



5101-51 


Figure 3. Low Voltage Data Retention 
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LH5101 


CMOS IK (256 X 4) Static RAM 



OD 

(I/O COMMON) (NOTE) 


DATA OUTPUT 



NOTE: When input and output pins are commonly used, OD should be HIGH during write cycle. 
When separately used, OD don't care HIGH or LOW. 


Figures. WriteCycie 


ORDERING INFORMATION 


LH5101 
Device Type 


30 300 Access Time (ns) 


CMOS 1K (256 X 4) Static RAM 


Example: LH5101-30 (CMOS 1K (256 x 4) Static RAM, 300 ns) 
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LH5114 


CMOS 4K (1K X 4) Static RAM 


FEATURES 

• 1,024 X 4 bit organization 

• Access time: 150 ns (MAX.) 

• Power consumption: 

Operating: 110 mW (MAX.) 

Standby: 27.5 pW (MAX.) 

• Singie +5 V power supply 

• Low Vcc (2.0 V) data retention capability 

• No need for external clock and refreshing 

• TTL compatible I/O 

• Three-state outputs 

• Easy expansion of memory capacity 
through chip select signal 

• Data pins common to input and output 

• Package: 18-pin, 300-mil DIP 


DESCRIPTION 

The LH5114H is a static RAM organized as 1,024 
X 4 bits. It is fabricated using silicon-gate CMOS proc¬ 
ess technology. 

PIN CONNECTIONS 


28 -PIN DIP TOP VIEW 



r 



Ag [I 

1 • 

18 

rL 

AsC 

2 

17 

□ A, 

A4I: 

3 

16 

I] Ag 

A3II 

4 

15 

□A, 

Ao C 

5 

14 

□ I/O1 

AiC 

6 

13 

□ I/O2 

A2 c 

7 

12 

Z1 J/Og 

cs C 

8 

11 

□ 1/O4 

gndC 

9 

10 

J 

□ we 

5114H-1 


Figure 1. Pin Connections for DIP Package 


SHARP 
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LH5114 


CMOS 4K (1K X 4) Static RAM 



Figure 2. LH5114H Biock Diagram 



TRUTH TABLE 



We 

MODE 

l/Oi -1/04 

NOTE 

H 

X 

Deselect 

High-Z 

1 

L 

L 

Write 

Din 


L 

H 

Read 

Dout 



NOTE: 

1 . X = HorL 
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CMOS 4K (1K X 4) Static RAM 


LH5114 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

Supply voltage 

Vex: 

-0.3 to +7.0 

V 

Input voltage 

ViN 

-0.3 to Vcc + 0.3 

V 

Output Voltage 

VOUT 

-0.3 to Vcc + 0.3 

V 

Operating temperature 

Topr 

0 to +70 

°c 

Storage temperature 

Tstg 

-55 to +150 



DC CHARACTERISTICS (Ta = 0 to +70°C, Vcc = 5 V ±10%) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Input ‘Low’ voltage 

ViL 




0.8 

V 

Input ‘High’ voltage 

ViH 


2.2 



V 

Output ‘Low’ voltage 

VoL 

loL = 2.0 mA 



0.4 

V 

Output ‘High’ voltage 

VOH 

loH = -1.0 mA 

2.4 



V 

Input leakage current 

Mu I 

V|N = 0 V to Vcc 



1.0 

pA 

Output leakage current 

IIloI 

CS = ViH, Vi/o = 0.4 V to Vcc 



1.0 

pA 

Operating current 

Icc 

CS = ViL, Minimum cycle 


10 

20 

mA 

Standby current 

ISB 

CS = Vcc, V|N = 0 V to Vcc 



5.0 

pA 


AC CHARACTERISTICS 

(1) READ CYCLE (Ta = 0 to +70°C, Vcc = 5 V ±10%) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Read cycle time 

tRC 

150 



ns 

Address access time 

tAA 



150 

ns 

Chip enable access time 

tACE 



150 

ns 

Output hold time 

tOH 

15 



ns 

Output to Chip Select 

toe 

15 



ns 

Output floating to Chip Select 

tez 



40 

ns 


(2) WRITE CYCLE (Ta = 0 to +70°C, Vcc = 5 V ±10%) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Write cycle time 

two 

150 



ns 

Chip enable to end of write 

tew 

110 



ns 

Address valid time 

tAW 

110 



ns 

Address setup time 

tAS 

0 



ns 

Write pulse width 

tWP 

110 



ns 

Write recovery time 

tWR 

20 



ns 

Data valid to end of write 

tow 

70 



ns 

Data hold time 

tDH 

20 



ns 

WE to output in High-Z 

twz 



40 

ns 

Output active from end of write 

tow 

15 



ns 


SHARP 
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LH5114 


CMOS 4K (1K X 4) Static RAM 


AC TEST CONDITIONS 


PARAMETER 

MODE 

Input voltage amplitude 

0.8 V to 2.2 V 

Input rise/fall time 

10 ns 

Timing reference level 

1.5V 

Output load condition 

1TTL + 100 pF 


DATA RETENTION CHARACTERISTICS (Ta = 0°C to 70X) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Data retention voltage 

VcCDR 


2.0 



V 

Data retention ^ 
voltage 

V|(CS) 

2.2 V < Vcc(PD) Vcc 

2.2 



V 

2.0 V < Vcc(PD) ^ 2.2 V 

VCC{PD) 



V 

Data retention current 

ICCDR 

V| = Vcc = 2.0V 


0.5 

10 

(lA 

Chip disable to data 
retention 

tCDR 


tRC 



ns 

Recovery time 

tR 


tRC 



ns 


CAPACITANCE (f = 1 MHz, Ta = 25°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Input capacitance 

CiN 



5 

pF 

Input/output 

capacitance 

Ci/o 



8 

pF 



Figure 3. Low Voitage Data Retention 
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CMOS 4K (1K X 4) Static RAM 


LH5114 



SHARR 
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LH5116 


CMOS 16K (2K X 8) Static RAM 


FEATURES 

• 2,048 X 8 bit organization 

• Access time: 100 ns (MAX.) 

• Power consumption: 

Operating: 220 mW (MAX.) 

Standby: 5.5 pW (MAX.) 

• Single +5 V power supply 

• Fully-static operation 

• TTL compatible I/O 

• Three-state outputs 

• Wide temperature range available 

LH5116H: -40 to+8500 

• Packages: 

24-pin, 600-mil DIP 
24-pin, 300-mil SK-DIP 
24-pin, 450-mil, SOP 

• Compatible with 16K EPROM and mask 
ROM pinout 


DESCRIPTION 

The LH5116 is a static RAM organized as 2,048 x 8 
bits. It is fabricated using silicon-gate CMOS process 
technology. It features high speed access in read mode 
using output enable (toE). 


PIN CONNECTIONS 


24-PIN DIP 



TOP VIEW 

24-PIN SK-DIP 


N 


24-PIN SOP AyC 

1 • 

24 

□ Vcc 

AeC 

2 

23 

□ As 

A5C 

3 

22 

I] Ag 

A4II 

4 

21 

□ WE 

A3C 

5 

20 

□ OE 

AgC 

6 

19 

□ Aio 

Aid 

7 

18 

□ CE 

AqIZ 

8 

17 

□ l/Oe 

l/Oid 

9 

16 

□ I/O7 

1/O2C: 

10 

15 

□ I/Os 

l/Ogd 

11 

14 

□ I/O5 

gndC 

12 

13 

□ I/O4 


V. . 






6116-1 


Figure 1. Pin Connections for DiP, SK-DiP, 
and SOP Packages 
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LH5116 


CMOS 16K (2K X 8) Static RAM 



Figure 2. LH5116 Biock Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

Ao- Aio 

Address input 

CE 

Chip Enable input 

OE 

Output Enable input 

We 

Write Enable input 


SIGNAL 

PIN NAME 

l/Oi - l/Oe 

Data input/output 

Vcc 

Power supply 

GND 

Ground 


TRUTH TABLE 


CE 

OE 

WE 

MODE 

l/Oi > I/Os 

SUPPLY CURRENT 

NOTE 

L 

X 

L 

Write 

Din 

Operating (Ice) 

1 

L 

L 

H 

Read 

Dout 

Operating (Ice) 


H 

X 

X 

Deselect 

High-Z 

Standby (Ise) 

1 

L 

H 

X 

Outputs disable 

High-Z 

Operating (Ice) 

1 


NOTE: 

1. X = HorL 
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CMOS 16K (2K X 8) Static RAM 


LH5116 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

1 

Input voltage 

VlN 

-0.3 to Vcc + 0.3 

V 

1 

Operating temperature 

Topr 

0 to +70 

"C 

2 

-40 to +85 

3 

Storage temperature 

Tstg 

-55 to +150 




NOTES: 

1. The maximum applicable voltage on any pin with respect to GND. 

2. Applied to the LH5116/D/NA 

3. Applied to the LH5116H/HD/HN 


RECOMMENDED OPERATING CONDITIONS ^ 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Input voltage 

VlH 

2.2 


Vcc + 0.3 

V 

ViL 

-0.3 


0.8 

V 


NOTE: 

1. Ta = 0 to 70°C (LH5116/D/NA), Ta = -40 to +85°C (LH5116H/HD/HN) 


DC CHARACTERISTICS ^ (Vcc = 5 V ±10%) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Output ‘LOW’ voltage 

VoL 

loL = 2.1 mA 



0.4 

V 


Output ‘HIGH’ voltage 

VOH 

loH = -1.0 mA 

2.4 



V 


Input leakage current 

Mu I 

ViN = 0 V to Vcc 



1.0 

pA 


Output leakage current 

IIloI 

^ = ViH, Vi/o = 0VtoVcc 



1.0 

HA 


Operating current 

lcci 

Outputs open = Vcc) 


25 

30 

mA 

2 

lcC 2 

Outputs open = Vih) 


30 

40 

mA 

3 

Standby current 

ISB 

Vcc-0.2 V 

All other input pins = 0 V to Vcc 



1.0 

pA 


0.2 

4 


NOTES: 

1. Ta = 0 to 70°C (LH5116/D/NA), Ta = -40 to -haS^C (LH5116H/HD/HN) 

2. CE = 0 V; ail other input pins = 0 V to Vcc 

3. CE = V|l; all other input pins = V|l to V|h 

4. Ta = 25‘’C 

AC CHARACTERISTICS ' 

(1) READ CYCLE (Vcc = 5 V +10%) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 

100 



ns 


Address access time 

tAA 



100 

ns 


Chip enable access time 

tACE 



100 

ns 


^ Low to output in Low-Z 

tCLZ 

10 



ns 

1 

Output enable access time 

tOE 



40 

ns 


Output enable Low to output in Low-Z 

tOLZ 

10 



ns 

1 

Chip disable to output in High-Z 

tCHZ 

0 


40 

ns 

1 

Output disable to output in High-Z 

tOHZ 

0 


40 

ns 

1 

Output hold time 

tOH 

10 



ns 



NOTE: 

1. Active output to high-impedance and high-impedance to output active tests specified for a ±500 mV transition 
from steady state levels into the test load. Clqad = 5 pF. 
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LH5116 


CMOS 16K (2K X 8) Static RAM 


(2) WRITE CYCLE ^ (Vcc = 5 V ±10%) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Write cycle time 

two 

100 



ns 


Chip enable to end of write 

tew 

80 



ns 


Address valid time 

tAW 

80 



ns 


Address setup time 

tAS 

0 



ns 


Write pulse width 

twp 

60 



ns 


Write recovery time 

tWR 

10 



ns 


Output active from end of write 

tow 

10 



ns 

2 

WE Low to output in High-Z 

tWHZ 



30 

ns 

2 

Data valid to end of write 

tow 

30 



ns 


Data hold time 

tOH 

10 



ns 


Output enable to output in High-Z 

tOHZ 



40 

ns 

2 

Output active from end of write 

tow 

10 



ns 

2 


NOTES: 

1. Ta = 0 to +70°C (LH5116/D/NA), Ta = -40 to 485‘’C (LH5116H/HD/HN) 

2. Active output to hIgh-impedance and high-impedance to output active tests specified for a ±500 mV transition 
from steady state levels Into the test load. Cload = 5 pF. 

AC TEST CONDITIONS 


PARAMETER 

MODE 

Input voltage amplitude 

0.8 V to 2.2 V 

Input rise/fall time 

10 ns 

Timing reference level 

1.5 V 

Output load condition 

ITTL-plOOpF 


DATA RETENTION CHARACTERISTICS ^ 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Data retention voltage 

VCCDR 

^>Vccrc-0.2V 

2.0 



V 


Data retention current 

ICCDR 

^ > VcCDR - 0.2 V, 
VcCDR = 3.0 V 



1.0 





0.2 

2 

Chip disable to data 
retention 

tCDR 







Recovery time 

tR 





ns 

3 


NOTES: 

1. Ta = 0 to +70°C (LH5116/D/NA), Ta = -40 to +85^*0 (LH5116H/HD/HN) 

2. Ta = 25'»C 

3. tpc = Read cycle time 


CAPACITANCE ^ (f = 1MHz, Ta = 250C) 


PARAMETER 

SYMBOL 

CONDITIONS 


TYP. 



Input capacitance 

CiN 

> 

o 

II 

z 

> 



7 

pF 

Input/output 

capacitance 

Ci/o 

Vi/o = 0V 



10 

pF 


NOTE: 

1. This parameter is sampled and not production tested. 
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Figure 4. Read Cycle 
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LH5116 


CMOS 16K (2K X 8) Static RAM 



1. WE must be Hl^ when there is a change in Aq - Aio. 

2. When CE and WE are ail LOW at thejame time, write occurs during the period t^p. 

3. twRjs the time from the rise of CE or WE, whichever is first, to the end of the write cycle. 

4. If CE LOW transition occurs at the same time or before WE LOW transition, the outputs will remain high-impedance. 

5. Doyj outputs data with the same logic level as the input data of this write cycle. 

6. If CE is LOW during this period, the input/output pin is in the output state. During this state, input 
signals of opposite logic level must not be applied. 


5116-41 


Figures. Write Cycle 1 


NOTES: 



1. WE must be Hl^ when there is a change in Aq - A^q- 

2. When CE and WE are all LOW at the same time, write occurs during the period t^p. 

3. twRjs the time from the rise of CE or WE, whichever is f irst, to the end of the write cycle. 

4. If CE LOW transition occurs at the same time or before WE LOW transition, the outputs will remain high-impedance. 

5. Dqut outputs data with the same logic level as the input data of this write cycle. 

6. If CE is LOW during this period, the input/output pin is in the output state. During this state, input 
signals of opposite logic level must not be applied. 


5116-5 


Figures. Write Cycle 2 (Note 1) 
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CMOS 16K (2K X 8) Static RAM 


LH5116 



ACCESS TIME VS. AMBIENT TEMPERATURE 


4.0 4.5 5.0 5.5 

SUPPLY VOLTAGE Vcc (V) 


AVERAGE SUPPLY CURRENT VS. 


6.0 



4.5 5.0 5.5 

SUPPLY VOLTAGE Vcc (V) 


6.0 


INPUT VOLTAGE VS. SUPPLY VOLTAGE 



4.0 4.5 5.0 5.5 

SUPPLY VOLTAGE Vcc (V) 


6.0 



2.5 


2.0 


> 

LU 

O 1.5 


1.0 


0 25 50 75 100 

AMBIENT TEMPERATURE Ta (°C) 


AVERAGE SUPPLY CURRENT VS. 



25 50 75 

AMBIENT TEMPERATURE Ta (“C) 

INPUT VOLTAGE VS. 
AMBIENT TEMPERATURE 


-V,H 

-V„ 


0 25 50 75 100 

AMBIENT TEMPERATURE Ta TO 


5116-7 1 


Figure 7. Eiectricai Characteristic Curves 
(Vcc = 5 V, Ta = 25°C unless otherwise specified) 
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LH5116 


CMOS 16K (2K X 8) Static RAM 


ORDERING INFORMATION (Ta = OX to 70X) 



ORDERING INFORMATION (Ta = -40X to +85X) 
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LH5116S 


CMOS 16K (2K X 8) Static RAM 


FEATURES 


DESCRIPTION 


• 2,048 X 8 bit organization 

• Access time: 1000 ns (MAX.) 

• Low-power consumption; 

Operating: 33 mW (MAX.) 
Standby: 3.3 pW (MAX.) 

• Fuily-static operation 

• Three-state outputs 

• Single +3 V power supply 

• Package: 24-pin, 450-mil SOP 


The LH5116S is a static RAM organized as 2,048 x 8 
bits, it is fabricated using silicon-gate CMOS process 
technology. It operates at a low supply voltage of 
3 V ±10%. 

PIN CONNECTIONS 


24-PIN SOP 

/- 

A 

TOP VIEW 

AyC 

1 • 

24 


AeC 

2 

23 

Z1A0 

AsC 

3 

22 

□ Ag 

A 4 II 

4 

21 

□ WE 

AaC 

5 

20 

□ OE 

A2C 

6 

19 

ZlA,o 

AtC 

7 

18 

□cl 

AoC 

8 

17 

□ l/Og 

l/OiC 

9 

16 

□ t/Oj 

I/O2 d 

10 

15 

□ l/Oe 

I/O 3 II 

11 

14 

□ I/O 5 

GNDd 

12 

13 

J 

□ I/O 4 

5116 S -1 


Figure 1. Pin Connections for SOP Package 
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LH5116S 


CMOS t6K (2K X 8) Static RAM 



Figure 2. LH5116S Biock Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

Ao-Aio 

Address input 


Chip Enable input 


Output Enable input 

WE 

Write Enable input 


SIGNAL 

PIN NAME 

l/Oi - I/Ob 

Data input/output 

Vcc 

Power supply 

GND 

Ground 


TRUTH TABLE 




We 

MODE 

l/Oi - l/Oe 

SUPPLY CURRENT 

NOTE 

L 

X 

L 

Write 

Din 

Operating (Ice) 

1 

L 

L 

H 

Read 

Dout 

Operating (Ice) 


H 

X 

X 

Deselected 

High-Z 

Standby (Isb) 

1 

L 

H 

X 

Output disable 

High-Z 

Operating (lee) 

1 


NOTE: 

1. X = HorL 
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CMOS 16K (2K X 8) Static RAM 


LH5116S 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

1 

Input voltage 

ViN 

-0.3 to Vcc +0.3 

V 

1 

Operating temperature 

Topr 

0 to +50 



Storage temperature 

Tstg 

-55 to +150 




NOTE: 

1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +50°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

2.7 

3.0 

3.3 

V 

Input voltage 

ViH 

2.2 


Vcc+0.3 

V 

ViL 

-0.3 


0.8 

V 


DC CHARACTERISTICS (Vcc = 3 V ±10%, Ta = 0 to +50°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Output ‘LOW’ voltage 

VoL 

Iol = 2.1 mA 



0.5 

V 


Output ‘HIGH’ voltage 

VOH 

loH = -1.0 mA 

Vcc-0.5 



V 


Input leakage current 

iiul 

V|N = 0 V to Vcc 



1.0 

pA 


Output leakage current 

1 Ilo I 

CE = V|H, Vi/o = 0 V to Vcc 



1.0 

pA 


Operating current 

lcci 

Outputs open (OE = Vcc) 


8 

10 

mA 

1 

ICC2 

Outputs open (OE = Vih) 


8 

10 

mA 

2 

Standby current 

ICCL 

CE>Vcc-0.2V 

All other input pins = 0 V to Vcc 



1.0 

HA 



NOTO: 

1. CE = 0 V; all other Input pins s: 0 V to Vcc 

2. CE = V|l; all other input pins = V|l to V|h 


AC CHARACTERISTICS (Vcc = 3 V ±10%, Ta = 0 to +50X) 
(1) READ CYCLE 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 

1000 



ns 


Address access time 

tAA 



1000 

ns 


Chip enable access time 

tACE 



1000 

ns 


^ Low to output in Low-Z 

tCLZ 

10 



ns 

1 

Output enable access time 

tOE 



100 

ns 


Output enable Low to output in Low-Z 

tOLZ 

10 



ns 

1 

Chip disable to output in High-Z 

tCHZ 

0 


40 

ns 

1 

Output enable to output in High-Z 

tOHZ 

0 


40 

ns 

1 

Output hold time 

tOH 

10 



ns 



NOTE: 


1. Active output to high-impedance and high-impedance to output active tests specified for a ±500 mV transition 
from steady state levels into the test load. Clqad = 5 pF. 


SHARR 
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LH5116S 


CMOS 16K (2K X 8) Static RAM 


(2) WRITE CYCLE (Vcc = 3 V ±10%, Ta = 0 to +50X) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Write cycle time 

two 

1000 



ns 


Chip enable to end of write 

tew 

100 



ns 


Address valid time 

tAW 

100 



ns 


Address setup time 

tAS 

0 



ns 


Write pulse width 

twp 

100 



ns 


Write recovery time 

tWR 

20 



ns 


WE Low to output in High-Z 

tWHZ 



30 

ns 

1 

Data valid to end of write 

tow 

50 



ns 


Data hold time 

tOH 

20 



ns 


Output active from end of write 

tow 

10 



ns 

1 

Output enable to output in High-Z 

tOHZ 



40 

ns 

1 


NOTE: 

1. Active output to high-impedance and high-impedance to output active tests specified for a ±500 mV transition 
from steady state levels Into the test load. Cload = 5 pF. 

AC TEST CONDITIONS 


PARAMETER 

MODE 

Input voltage amplitude 

0 to Vcc 

Input rise/fall time 

10 ns 

Timing reference level 

1.5 V 

Output load conditions 

ITTL-i-IOOpF 


DATA RETENTION CHARACTERISTICS (Ta = 0 to +50°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Data retention voltage 

VcCDR 

^>Vccdr-0.2V 




V 


Data retention current 

ICCDR 

CE > VcCDR - 0.2 V, 
VcCDR = 2.0 V 








0.2 

1 

Chip disable to data retention 

tCDR 


0 



ns 


Recovery time 

tR 





ns 

2 


NOTES: 

1. Ta = 25°C 

2. tRc = Read cycle time 


CAPACITANCE ^ (Ta = 25°C, f = 1 MHz) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 



Input capacitance 

CiN 

> 

o 

ii 

z 

> 



7 

pF 

Input/output capacitance 

Ci/o 

> 

o 

Ii 

> 



10 

pF 


NOTE: 

1. This parameter is sampled and not production tested. 
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LH5116S 


CMOS 16K (2K X 8) Static RAM 


NOTES: 



1. WE must be Hl^ when there is a change in Aq - A^q. 

2. When CE and WE are both LOW at tjie^same time, write occure during the period t^p. 

3. twpis the time from the rise of CE or WE, whichever is first, to the end of the write cycle. 

4. if CE LOW transition occurs at the same time or before WE LOW transition, the output will remain high-impedance. 

5. Dq^j outputs data with the same logic level as the input data of this write cycle. 

6. If CE is LOW during this period, the input/output pins are in the output state. During this state, input 
signals of opposite logic level must not be applied. 


S116S-4| 


Figures. Write Cycle 1 



1. WE must be Hl^ when there is a change in Aq A^q. 

2. When CE and WE are both LOW at tjhe^same time, write occurs during the period t^p. 

3. twRjs the time from the rise of CE or WE, whichever is fjrst, to the end of the write cycle. 

4. If CE LOW transition occurs at the same time or before WE LOW transition, the output will remain high-impedance. 

5. Dqut outpi^ data with the same logic level as the input data of this write cycle. 

6. If CE and OE are LOW during this period, the input/output pins are in the output state. During this state, input 
signals of opposite logic level must not be applied. 


Figure 6. Write Cycle 2 
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CMOS 16K (2K X 8) Static RAM 


LH5116S 
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LH5118 


CMOS 16K (2K X 8) Static RAM 


FEATURES 


DESCRIPTION 


• 2,048 X 8 bit organization 

• Access time: 100 ns (MAX.) 

• Power consumption: 

Operating: 220 mW (MAX.) 
Standby: 5.5 pW (MAX.) 

• Single +5 V power supply 

• Fully-static operation 

• TTL compatible I/O 

• Three-state outputs 

• Wide temperature range available 

LH5118H: -40 to +85°C 

• Packages: 

24-pin, 600-mil DIP 
24-pin, 300-mil SK-DIP 
24-pin, 450-mil SOP 


The LH5118 is a static RAM organized as 2,048 x 8 
bits. It is fabricated using silicon-gate CMOS process 
technology. 

The LH5118 accepts two chip-enables. These allow 
data to be held with battery back-up for memory 
expansion (used in systems with multiple memory 
devices). 

Low power mode (Isb) is avail 2 ible with CEi and 
deactivated. 

PIN CONNECTIONS 


24-PIN DIP 

24-PIN SK-DIP 

24-PIN SOP ^ H 

AyC 

r 

24 

TOP VIEW 

□ Vcc 

AeC 

2 

23 

13 A0 

A5CI 

3 

22 

□A 9 

A4II 

4 

21 

□ WE 

A3CI 

5 

20 

TJ 

ml 

A2IZ 

6 

19 

^ A^o 

AiC 

7 

18 

CM 

|LU 

lo 

n 

Aod 

8 

17 

□ l/Oe 

i/oc 

9 

16 

□ I/O7 

I/O2C: 

10 

15 

□ i/o@ 

I/O3IZ 

11 

14 

I1I/05 

GNDII 

12 

13 

□ I/04 



) 

5118-1 


Figure 1. Pin Connections for DiP, SK-DIP, 
and SOP Packages 
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CMOS 16K (2K X 8) Static RAM 


LH5118 



A2 


Figure 2. LH5118 Biock Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

Ao- A 10 

Address input 

^2 

Chip Enable input no. 2 


Chip Enable Input no. 1 

WE 

Write Enable input 


SIGNAL 

PIN NAME 

I/O 1 - l/Oa 

Data Input/Output 

Vcc 

Power supply 

GND 

Ground 


TRUTH TABLE 



^2 

WE 

MODE 

I/O 1 - l/Oa 

SUPPLY CURRENT 

NOTE 

X 

H 

X 

Deselect 

High-Z 

Standby (Isb) 

1 

H 

X 

X 

Deselect 

HIgh-Z 

Standby (Isb) 

1 

L 

L 

L 

Write 

Din 

Operating (Ice) 


L 

L 

H 

Read 

Dout 

Operating (Ice) 



NOTE: 

1. X = HorL 
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LH5118 


CMOS 16K (2K X 8) Static RAM 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

1 

Input voltage 

ViN 

-0.3 to Vcc+ 0.3 

V 

1 

Operating temperature 

Topr 

0 to +70 


2 

-40 to +85 

3 

Storage temperature 

Tstg 

-55 to +150 




NOTES: 

1. The maximum applicable voltage on any pin with respect to GND. 

2. Applied to the LH5118/D/N 

3. Applied to the LH5118H/HD/HN 


RECOMMENDED OPERATING CONDITIONS ^ 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 


Supply voltage 


4.5 

5.0 

5.5 

V 

Input voltage 


2.2 


Vcc+ 0.3 

V 

ViL 

-0.3 


0.8 

V 


NOTE: 

1. Ta = 0 to +70®C (LH5118/D/NA), Ta = -40 to +65°C {LH5118H/HD/HN) 


DC CHARACTERISTICS ^ (Vcc = 5 V ±10%) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Output ‘LOW voltage 

VoL 

Iol = 2.1 mA 



0.4 

V 


Output ‘HIGH’ voltage 

VOH 

loH = -1.0 mA 

2.4 



V 


Input leakage current 

IlLli 

ViN = 0 V to Vcc 



1.0 

pA 


Output leakage current 

IIloI 

CE 2 = ViH or CEi = ViH, Vi/o 
= 0 V to Vcc 



1.0 

pA 


Operating current 

Icci 

Outputs open (WE = Vcc) 


25 

30 

mA 

2 

ICC2 

Outputs open (WE = Vih) 


30 

40 

mA 

3 

Standby current 

ISB 

(1) ^2>Vcc- 0.2 V, and 
(CEi>Vcc-0.2Vor 

CEi < 0.2 V) or 

(2) ^i> Vcc-0.2 V, and 
(CE2>Vcc-0.2Vor 

CE2<0.2V) 

All other inputs = 0 V to Vcc 



1.0 

pA 


0.2 

HA 

4 


NOTES: 

1. Ta = 0 to +70°C (LH51ia/D/N). Ta = -40 to +85°C (LH5118H/HD/HN) 

2. CE 2 = = 0 V; ail other input pins = 0 V to Vcc 

3. CE 2 = = V|l; all other input pins = V|l to V|h 

4. Ta = 25°C 
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CMOS 16K (2K X 8) Static RAM 


LH5118 


AC CHARACTERISTICS ^ 

(1) READ CYCLE (Vcc = 5 V ±10%) 


PARAMETER 

SYMBOL 


TYP. 




Read cycle time 

tRC 

100 



ns 


Address access time 

tAA 



100 

ns 


CEi access time 

tACEl 



100 

ns 


^2 access time 

tACE2 



100 

ns 


Low to output in Low-Z 

tCLZI 

10 



ns 

2 

CEa Low to output in Low-Z 

tCLZ2 

10 



ns 

2 

CEi to output in High-Z 

tCHZI 

0 


40 

ns 

2 

CE 2 to output in High-Z 

tCHZ2 

0 


40 

ns 

2 

Data hold time 

tOH 

10 



ns 



(2) WRITE CYCLE (Vcc = 5V±10%) 


PARAMETER 

SYMBOL 


TYP. 


UNIT 


Write cycle time 

two 

100 



ns 


Chip enable to end of write 

tew 

80 



ns 


Address valid time 

tAW 

80 



ns 


Address setup time 

tAS 

0 



ns 


Write pulse width 

twp 

60 



ns 


Write recovery time 

tWR 

10 



ns 


WE Low to output in High-Z 

tWHZ 



30 

ns 

2 

Data valid to end of write 

tow 

30 



ns 


Data hold time 

tOH 

10 



ns 


Output active from end of write 

tow 

10 



ns 

2 


NOTES: 

1. Ta = 0 to +70‘»C (LH5118/D/N), Ta = -40 to 465'’C (LH5118H/HD/HN) 

2. Active output to high-impedance and high-impedance to output active tests specified for a ±500 mV transition 
from steady state levels into the test load. Cload = 5 pF. 

AC TEST CONDITIONS 


PARAMETER 

MODE 

Input voltage amplitude 

0.8 V to 2.2 V 

Input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output load condition 

ITTL-i-IOOpF 


SHARR 
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LH5118 


CMOS 16K (2K X 8) Static RAM 


DATA RETENTION CHARACTERISTICS ^ 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Data retention voltage 

VCCDR 

CEi > VccDR - 0.2 V or 
CE 2 ^ VcCDR - 0.2 V 

2.0 



V 


Data retention current 

ICCDR 

CEi ^ VccDR - 0.2 V, and 
(CE 2 ^ VccDR - 0.2 V or 
CE 2 < 0.2 V) or 

CE 2 ^ VccDR - 0.2 V, and 
(CEi > VccDR - 0.2 V or 
CEi <0.2 V) 

VcCDR = 3.0 V 



1.0 



0.2 

2 

Chip disable to data 
retention 

tCDR 


0 



ns 


Recovery time 

tR 


tRC 



ns 

3 


NOTES: 

1. Ta = 0 to +70°C (LH5118/D/N). Ta = -40 to +85°C (LH5118H/HD/HN) 

2. Ta = 25°C 

3. tpc = Read cycle time 


CAPACITANCE = 1 MHz, Ta = 25“C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Input capacitance 

CiN 

> 

0 

II 

z 

> 



7 

PF 

Input/output 

capacitance 

Ci/o 

Vi/o = 0V 



10 

PF 


NOTE: 

1. This parameter is sampled and not production tested. 



Figure 3. Low Voitage Data Retention 
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CMOS 16K (2K X 8) Static RAM 


LH5118 



NOTE: WE = “HIGH- 


Figure 4. Read Cycle 


5118-3 



1. WE must be HIGH when there is a change in Aq - A^q- 

2. When CE 2 ,CEi and WE are all LOW at the same time, write occurs during the period t^p. 

3. twR is the time from the rise of CE 2 ,CEi or WE,j|^ichever is first, to the end of the write cycle. 

4. If CE 2 or CEi should drop at the same time as WE or later, the output buffer is maintained at high-impedance. 

5. Dqut ou^uts data with the same logic level as the input data of this write cycle. 

6. If both CE■^ and CE 2 are LOW during this period, the input/output pin is in the output condition. During this condition, 
a data input signal with a logic level opposite that of the output is not permitted. 


Figures. Write Cycle (Note 1) 
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INPUT VOLTAGE V,h, V,l (V) AVERAGE SUPPLY CURRENT Ice (mA) ACCESS TIME Iaa. tee (RELATIVE VALUE) 


LH5118 


CMOS 16K (2K X 8) Static RAM 


ACCESS TIME VS. SUPPLY VOLTAGE 


ACCESS TIME VS. AMBIENT TEMPERATURE 



4.0 4.5 5.0 5.5 

SUPPLY VOLTAGE Vec (V) 



25 50 75 

AMBIENT TEMPERATURE T^ (‘’C) 


AVERAGE SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 


AVERAGE SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 



4.0 4.5 5.0 5.5 6. 

SUPPLY VOLTAGE Vec (V) 

INPUT VOLTAGE VS. SUPPLY VOLTAGE 











. _^ 


_ 

, — 










25 50 75 

AMBIENT TEMPERATURE T^ (“C) 

INPUT VOLTAGE VS. 
AMBIENT TEMPERATURE 



4.0 4.5 5.0 5.5 

SUPPLY VOLTAGE Vec (V) 


25 50 75 

AMBIENT TEMPERATURE Ta (®C) 
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Figure 6. Eiectricai Characteristic Curves 
(Vec = 5 V, Ta = 25°C Uniess Otherwise Specified) 
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CMOS 16K (2K X 8) Static RAM 


LH5118 


ORDERING INFORMATION (Ta = 0 to +70°C) 



ORDERING INFORMATION (Ta = -40 to +85°C) 



SHARP 
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LH5168 


CMOS 64K (8K x 8) Static Ram 


FEATURES 

• 8,192 X 8 bit organization 

• Access times: 80/100 ns (MAX.) 

• Low-power consumption: 

Operating: 

303 mW (MAX.) LH5168/D/N 
@ 80 ns 

248 mW (MAX.) LH5168/D/N/r/TR 
@ 100 ns 

275 mW (MAX.) LH5168H/HD/HN 
@ 100 ns 
Standby: 

5.5 pW (MAX.) LH5168/D/N/T/TR 

16.5 pW (MAX.) LH5168H/HD/HN 

• Fuiiy-static operation 

• Three-state outputs 

• Single +5 V power suppiy 

• TTL compatibie I/O 

• Pin compatibie to 64K bit EPROM 

• Wide temp, range avaiiabie 

LH5168: -10to+70°C 
LH5168H: -40 to+85°C 

• Packages: 

28-pin, 600-mii DiP 
28-pin, 300-mil SK-DiP 
28-pin, 450-mii SOP 
28-pin, 8x13 mm^ TSOP (Type i) 


DESCRIPTION 

The LH5168 is a static RAM organized as 8,192 x 8 
bits. It is fabricated using silicon-gate CMOS process 
technology. 

The LH5168H Is designed for wide temperature 
range from -40 to +85°C. 

PIN CONNECTIONS 


28-PIN DIP TOP VIEW 

28-PIN SK-DIP 

28-PIN SOP _ 






NCC 

1 • 

28 

□Vcc 

A12III 

2 

27 

□ we 

A7II 

3 

26 

□ CE2 

As Cl 

4 

25 

□ Ag 

A5C 

5 

24 

□ Ag 

A4C: 

6 

23 

□ A^i 

A3C 

7 

22 

□ OE 

AgC 

8 

21 

□ A10 

AiC 

9 

20 

u 

ml 

Aod 

10 

19 

□ l/Oe 

l/Oid 

11 

18 

3 \IOj 

l/Ogd 

12 

17 

□ l/Oe 

I/O3 d 

13 

16 

□ I/O5 

GNDd 

14 

15 

□ 1/O4 






5168-11 


Figure 1. Pin Connections for DIP, SK-DIP, 
and SOP Packages 
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CMOS 64K (8K x 8) Static RAM 


LH5168 


15 3A2 

16 DAi 

17 DAo 

18 □ I/O, 

19 □ I/O 2 

20 □ I/O 3 

21 DGNO 












LH5168 CMOS 64K (8K x 8) Static RAM 



Figures. LH5168BiockDiagram 


PIN DESCRIPTION 
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CMOS 64K (8K x 8) Static RAM 


LH5168 


TRUTH TABLE 



CE2 

WE 

OE 

MODE 

l/Oi - t/Os 

SUPPLY CURRENT 

NOTE 

H 

X 

X 

X 

Deselect 

High-Z 

Standby (Isb) 

1 

X 

L 

X 

X 

Deselect 

High-Z 

Standby (Isb) 

1 

L 

H 

L 

X 

Write 

Din 

Operating (Icc) 


L 

H 

H 

L 

Read 

Dour 

Operating (Icc) 


L 

H 

H 

H 

Output disable 

High-Z 

Operating (Icc) 



NOTE: 

1. X = HorL 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

80 ns 

100 ns 

UNIT 

NOTE 

RATING 

RATING 

Supply voltage 

Vcc 

-0.3 to +7.0 

-0.3 to +7.0 

V 

1 

Input voltage 

ViN 

-0.5 to Vcc +0.5 

-0.3 to Vcc -hO.3 

V 

1 

Operating temperature 

Topr 

-10 to +70 

-10 to+70 

"C 

2 


-40 to +85 


3 

Storage temperature 

Tstg 

-55 to +150 

-55 to+150 

“C 



NOTES: 

1. The maximum applicable voltage on any pin with respect to GND. 

2. LH5168/D/N 

3. LH5168H/HD/HN 


RECOMMENDED OPERATING CONDITIONS (Note 1) 


PARAMETER 

SYMBOL 

80 ns 

100 ns 

UNIT 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

4.5 

5.0 

5.5 

V 

Input voltage 

ViH 

2.2 


Vcc+ 0.5 

2.2 


Vcc+ 0.3 

V 

ViL 

-0,5 


0.8 

-0.3 


0.8 

V 


NOTE: 

1. Ta = -10 to +70°C (LH5168/D/N), Ta = -40 to +85°C (LH5168H/H[VHN). 


DC CHARACTERISTICS ^ (Vcc = 5 V ±10%) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

UNIT 

NOTE 

Input leakage current 

Ili 

V|N = 0 to Vcc 


1.0 

|4A 


Output leakage 
current 

Ilo 

CEi = ViH or CE 2 = V|L 
or OE = Vih orWE = ViL 

Vi/o = 0 to Vcc 


1.0 

HA 


Operating current 

Icc 

CEi=V|L, V|N = V|LtoV|H 
CE 2 = ViH, Outputs open 

tCYCLE = 

80 ns 


55 

mA 


CEi = ViL, ViN = ViL to ViH 
CE 2 = ViH, Outputs open 

tCYCLE = 
100 ns 


45 

mA 

2 

50 

3 

= ViL, ViN = 0.2Vto 
Vcc - 0.2 V 

CE 2 = ViH, Outputs open 

tCYCLE = 
1.0 ps 


10 


Standby current 

ISBI 

CEi = ViH or CE 2 = ViL 


10 

mA 


Isb 

CE 2 < 0.2 V or 

CEi, CE 2 > Vcc-0.2 V 

Ta<70°C 


1.0 

^lA 

2 

Ta<85°C 


3.0 

HA 

3 

Output voltage 

VoL 

Iol = 2.1 mA 


0.4 

V 


VOH 

loH = -1 mA 

2.4 


V 



NOTES: 

1. Ta = -10 to 70"C {LH5168/D/N/T/TR), Ta = -40 to +85°C (LH5168H/HD/HN) 

2. LH5168/D/N/T/TR 

3. LH5168H/HD/HN 


SHARR 
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LH5168 


CMOS 64K (SK x 8) Static RAM 


AC CHARACTERISTICS ^ 

(1) READ CYCLE (Vcc = 5 V ±10%) 


PARAMETER 

SYMBOL 

80 ns 

100 ns 

UNIT 

NOTE 

MIN. 

MAX. 

MIN. 

MAX. 

Read cycle 

tRC 

80 


100 


ns 


Address access time 

tAA 


80 


100 

ns 


Chip enable 
access time 

(CEi) 

tACEl 


80 


100 

ns 


(CE2) 

tACE2 


80 


100 

ns 


Output enable access time 

tOE 


40 


40 

ns 


Output hold time 

tOH 

10 


10 


ns 


Chip enable to 
output in Low-Z 

(CEi) 

tLZI 

10 


10 


ns 

2 

(CE2) 

tl 79 

10 


10 


ns 

2 

Output enable to output in 
Low-Z 

tOLZ 

5 


5 


ns 

2 

Chip enable to 
output in High-Z 

(CEi) 

tHZI 

0 

30 

0 

30 

ns 

2 

(CE2) 

tHZ2 

0 

30 

0 

30 

ns 

2 

Output disable to output in 
High-Z 

tOHZ 

0 

20 

0 

20 

ns 

2 


NOTES: 

1. Ta = -10 to +70°C (LH5168/D/N/T/TR). Ta = -40 to +85°C (LH5168H/HD/HN) 

2. Active output to high-impedance and high-impedance to output active tests specified for a ±500 mV transition 
from steady state levels into the test load. Clqad = 5 pF. 


(2) WRITE CYCLE (Vcc = 5 V ±10%) 


PARAMETER 

SYMBOL 

80 ns 

100 ns 

UNIT 

NOTE 

MIN. 

MAX. 

MIN. 

MAX. 

Write cycle time 

two 

80 


100 


ns 


Chip enable to end of write 

tew 

70 


80 


ns 


Address valid to end of write 

tAW 

70 


80 


ns 


Address setup time 

tAS 

0 


0 


ns 


Write pulse width 

twp 

60 


60 


ns 


Write recovery time 

tWR 

0 


0 


ns 


Data valid to end of write 

tow 

40 


40 


ns 


Data hold time 

tOH 

0 


0 


ns 


Output active from end of write 

tow 

10 


10 


ns 

1 

WE to output in High-Z 

twz 

0 

30 

0 

30 

ns 

1 

^ to output in High-Z 

tOHZ 

0 

20 

0 

20 

ns 

1 


NOTE: 

1. Active output to high-impedance and high-impedance to output active tests specified for a ±500 mV transition 
from steady state levels into the test load. Cload = 5 pF. 

AC TEST CONDITIONS 


PARAMETER 

MODE 

Input voltage amplitude 

0.6 to 2.4 V 

Input rise/fall time 

10 ns 

Timing reference level 

1.5 V 

Output load conditions 

(1TTL + Cl= 100 pF) 
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CMOS 64K (8K x 8) Static RAM 


LH5168 


CAPACITANCE ' (Ta = 25°C, f = 1MHz) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Input capacitance 

CiN 

< 

z 

II 

o 

< 



7 

PF 

Input/output capacitance 

Ci/o 

> 

o 

II 

> 



10 

PF 


NOTE: 

1. This parameter is sampled and not production tested. 


DATA RETENTION CHARACTERISTICS ^ 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

UNIT 

NOTE 

Data retention voltage 

Vccdr 

CE 2 < 0 . 2 Vor 

CEi,CE2>Vcc-0.2V 

2.0 


V 


Data retention current 

ICCDR 

Vccdr = 3 V, 
CE2<0.2VorCEi, 
CE 2 > Vccdr - 0.2 V 


0.6 

mA 

2 


1.5 

pA 

3 

Chip disable to data retention 

tCDR 


0 


ns 


Recovery time 

tRDR 


Irc 


ns 

4 


NOTES: 

1. Ta = -10 to +70°C (LHSiee/D/N/T/TR), Ta = -40 to +85°C (LH5168H/HD/HN) 

2. LH5168/D/N/r/TR at Ta ^ 70°C 

3. LH5168H/HD/HN at Ta < 85‘’C 

4. tpc = Read cycle time 



CE 2 CONTROL 



CE2<0.2V 


NOTE: To control data hold at CE^, fix the input level of CEg between Vccdr ^ Vccdr -0-2 V or 0 V to 0.2 V 
during the data retention mode. 


5168-6 


Figure 4. Low Voltage Data Retention 


SI-IARF> 
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LH5168 


CMOS 64K (8K x 8) Static RAM 
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CMOS 64K (8K x 8) Static RAM 


LH5168 



NOTES: _ _ 

1. The writing occurs during the overlap (twp) of CE^ ="LOW", CE 2 = "HIGH", and WE = "LOW". 

2. tew's defined as the time from the last occuring transition, either CE^ LOW transition or CE 2 HIGH transition, 
to the time when the writing is finished. 

3. t^sis defined as the time from address change to writing start. 

4. twR is defined as the time from writing finish to address change. _ 

5. If CE^ LOW transition or CE 2 HIGH transition occurs at the same time or after WE LOW transition, the 
output will remain high-impedance. 

6. While the I/O pins are in the output state, input signals with the opposite logic level must not be applied. 

_5168-4 


Figures. Write Cycle 1 
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LH5168 


CMOS 64K (8K x 8) Static RAM 


Ao-A,. 


CE. 


CEo 


WE 


w 





) 

(_) 

( 


w 

twR 

(NOTE 4) 


tew 


(NOTE 2) 

^ / 




m 

mw 



tew 

twR 


1 


WW/, 

W/////M 



WWWx 


Us 

twp 




(NOTE 3) 

(NOTE 1) 

\ / 


(NOTE 5) 




twz . 

tow j 

fNOTE 6^ _ 




tow 


(NOTE 7) 


tpH 


g 


DATA VALID 


m 


D|n 
OE = "LOW" 

NOTES: _ _ 

1. The writing occurs during the overlap (twp) of CE^ =*LOW", CE 2 and WE = "LOW". 

2. tew's defined as the time from the last occuring transition, either CE^ LOW transition or CE 2 HIGH transition, 
to the time when the writing is finished. 

3. t^s is defined as the time from address change to writing start. 

4. twRis defined as the time from writing finish to address change. _ 

5. If CEi LOW transition or CE 2 HIGH transition occurs at the same time or after WE LOW transition, the 

ou4)ut will remain high-impedance. _ 

6. If CE^ HIGH transition or CE 2 LOW transition occurs at the same time or before WE HIGH transition, the 
ou^jut will remain high-impedance. 

7. While the I/O pins are in the output state, input signals with the opposite logic level must not be applied. 


ORDERING INFORMATION 


Figure?. Write Cycle 2 


LH5168 
Device Type 


Operating 

Temperature 


-## 


Package Speed 




10 L 

80L 


100 

80 


Access Time (ns) 


f Blank 28 pin, 600-mil DIP (DIP 28-P-600) 

D 28-pin, 300-mil SK-DIP (SK-DIP28-P-300) 

N 28-pin, 450-mil SOP (SOP28-P-450) 

T 28-pin, 8 X 13 mm2TSOP (Type I) (TSOP28-P-0813) 
[TR 28-pin, 8x13 mm^TSOP (Type I) Reverse Bend 
f Blank -10 to 70°C (TSOP28-P-0813) 

LH -40to+85'“C 
CMOS 64K (8K x 8) Static RAM 
Example: LH5168D-10L (CMOS 64K (8K x 8) Static RAM. 100 ns, 28-pin, 300-mil SK-DIP) 
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LH5168SH 


CMOS 64K (8K x 8) Static Ram 


FEATURES 

• 8,192 X 8 bit organization 

• Access time: 500 ns (MAX.) 

• Power consumption: 

Operating: 

60 mW (MAX.) @ 3 V 
Standby: 

3 |aW (MAX.) @ 70°C @ 3 V 
9 pW (MAX.) @ 85°C @ 3 V 

• Fuily-static operation 

• Three-state outputs 

• Single 2.5 to 5.5 V power supply 

• TTL compatible I/O 

• Wide temp, range 

topp: -40 to +85°C 

• Package: 28-pin, 450-mil SOP 


DESCRIPTION 

The LH5168SH is a static RAM organized as 
8,192 X 8 bits, it is fabricated using siiicon-gate CMOS 
process technoiogy. 

it is designed for 2.5 to 5.5 V low voltage operation 
and wide temperature range from -40 to +85°C. 

PIN CONNECTIONS 


28-PIN SOP 




TOP VIEW 

NCC 

1 • 

28 

^ Vcc 


A12III 

2 

27 

□ 


A7II 

3 

26 

□ CEj 


Agd 

4 

25 

I] Ag 


A5II 

5 

24 

□ Aq 


A4IZ 

6 

23 

□ A11 


Aad 

7 

22 

DOE 


A2II 

8 

21 

D A,o 


Aid 

9 

20 

□ CE, 


Aod 

10 

19 

D 1 /O 0 


l/Oid 

11 

18 

D 1 /O 7 


I/O 2 d 

12 

17 

Dl/Oe 


l/Ogd 

13 

16 

□ I/O 5 


GNDd 

14 

15 

D 1 /O 4 






5168S-1 


Figure 1. Pin Connections for SOP Package 
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LH5168SH 


CMOS 64K (8K x 8) Static RAM 



Aq A2 A-n 


Figure 2. LH5168SH Biock Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

Ao-A i 2 

Address inputs 

- CE 2 

Chip Enable input 

We 

Write Enable input 


Output Enable input 


SIGNAL 

PIN NAME 

I/O 1 - I/Os 

Data inputs and outputs 

Vcc 

Power supply 

GND 

Ground 

NC 

Non connection 
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CMOS 64K (8K x 8) Static RAM 


LH5168SH 


TRUTH TABLE 



CE 2 

WE 


MODE 

I/O 1 - I/Os 

SUPPLY CURRENT 

NOTE 

H 

X 

X 

X 

Deselect 

High-Z 

Standby (Isb) 

1 

X 

L 

X 

X 

Deselect 

High-Z 

Standby (Isb) 

1 

L 

H 

L 

X 

Write 

Din 

Operating (Ice) 


L 

H 

H 

L 

Read 

Dout 

Operating (Ice) 


L 

H 

H 

H 

Output disable 

High-Z 

Operating (lee) 



NOTE: 

1. X = HorL 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 


RATING 



Supply voltage 

Vee 

-0.3 to +7.0 

V 

1 

Input voltage 

ViN 

-0.3 to Vcc+0.3 

V 

1 

Operating temperature 

Topr 

-40 to +85 

"C 


Storage temperature 

Tstg 

-55 to+150 




NOTE: 

1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = -40 to +85°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

2.5 

3.0 

5.5 

V 

Input voltage 
(Vcc = 2.5 to 4,5 V) 

ViH 

CVJ 

CD 

0 


Vcc + 0.3 

V 

ViL 

-0.3 


0.2 

V 

Input voltage 
(Vcc = 4.5 to 5.5 V) 

ViH 

2.2 


Vcc + 0.3 

V 

ViL 

-0.3 


0.8 

V 


DC CHARACTERISTICS (Ta = -40 to +85X, Vcc = 2.5 to 5.5 V) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

UNIT 

NOTE 

Input leakage current 

MliI 

V|N = 0 to Vcc 

-1.0 

1.0 

pA 


Output leakage 
current 

1 Ilo I 

CEi = ViH or CE 2 = ViL 
orOE = ViH orWE = ViL 

Vi/o = 0 to Vcc 

-1.0 

1.0 

pA 




CEi =0.2 V. ViN = 0.2Vor 
Vcc-0.2 V 

CE2 = Vcc-0.2 V, 

Output open 

tCYCLE = 
500 ns 


20 



Operating supply 
current 

Icc 

CEi =0.2 V, ViN = 0.2Vor 
Vcc - 0.2 V 

CE 2 = Vcc - 0.2 V, 

Output open 

tCYCLE = 

1.0 ps 


10 

mA 




CEi =0.2 V, Vin = 0.2 Vor 
Vcc - 0.2 V 

CE 2 = Vcc - 0.2 V, 

Output open, Vcc = 3.3 V 

tCYCLE = 
1.0 ps 


8 




Isb 

CE 2 SO .2 Vor 

~ +70°C 


1.0 

pA 


Standby current 

CEi > Vcc-0.2 V 

-+85°C 


3.0 

1 


ISB1 

CEi = V|H or CE 2 = ViL 


5 

mA 


Output Low voltage 

VoL 

loL = 500 |liA 


0.5 

V 


Output High voltage 

VoH 

loH = -500 pA 

Vcc-0.5 


V 

2 


NOTES: 

1. CE 2 should be > Vqc - 0.2 V or < 0.2 V. 

2. VoH is 4.5 V (Min.) at Vcc > 5 V. 
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LH5168SH 


CMOS 64K (8K x 8) Static RAM 


AC CHARACTERISTICS 

(1) READ CYCLE (Ta = -40 to +85°C, Vcc = 2.5 to 5.5 V) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 

NOTE 

Read cycle 

tnc 

500 


ns 


Address access time 

tAA 


500 

ns 


Chip enable 
access time 

(CE,) 

tACEl 


500 

ns 


(CEz) 

tACE2 


500 

ns 


Output enable access time 

tOE 


200 

ns 


Output hold time 

tOH 

10 


ns 


Chip enable to 
output in Low-Z 

(CEi) 

tLZI 

20 


ns 

1 

(CEz) 

tl 79 

20 


ns 

1 

Output enable to output In Low-Z 

tOLZ 

10 


ns 

1 

Chip enable to 
output in High-Z 

(CEi) 

tHZI 

0 

60 

ns 

1 

(CE2) 

tHZ2 

0 

60 

ns 

1 

Output disable to output In High-Z 

tOHZ 

0 

40 

ns 

1 


(2) WRITE CYCLE (Ta = -40 to +85°C, Vcc = 2.5 to 5.5 V) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

Uf8T 

NOTE 

Write cycle time 

two 

500 


ns 


Chip enable to end of write 

tew 

250 


ns 


Address valid to end of write 

tAW 

250 


ns 


Address setup time 

tAS 

100 


ns 


Write pulse width 

tWP 

150 


ns 


Write recovery time 

tWR 

50 


ns 


Data valid to end of write 

tow 

100 


ns 


Data hold time 

tDH 

0 


ns 


Output active from end of write 

tow 

20 


ns 


We to output In HIgh-Z 

twz 

0 

60 

ns 

1 

OE to output in HIgh-Z 

tOHZ 

0 

40 

ns 

1 


NOTE: 

1. Active outixit to high-inr^clance and N|^-irr^dafx:e to oulpiA active teMs specified tor a ±5C0 mV tiarwition 
from steady state teveis mto tite test toad. C|_oao = 5 pF. 

AC TEST CONDITIONS 


PARAMETER 

MOOE 

input voltage amplitude 

0 to Vcc 

Input rise/fall time 

10 ns 

Timing reference level 

1.5V 

Output load conditions 

No load 


CAPACITANCE (Ta >= 25°C, f = 1MHz) 


PARAMETER 

SYmOL 

CONfNHONS 

MIN. 

TYP. 

MAX. 

imr 

Input capacitance 

Cm 

> 

o 

H 

> 



7 


Input/output capacitance 

C[fo 

V|AD*0V 



10 

PF 


NOTE: 


TNs parameter te sampled and not proi^tion tested. 
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CMOS 64K (8K x 8) Static RAM 


LH5168SH 


DATA RETENTION CHARACTERISTICS (Ta = -40 to +85°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

UNIT 

NOTE 

Data retention voltage 

Vccdr 

CE2<0.2 Vor 

CEi^ Vccdr-0.2 V 

2.0 


V 

a 



Vccdr = 3.0 V 

Ta = 25®C 


0.2 



Data retention current 

ICCDR 

CE 2 < 0 . 2 Vor 

Ta = 70°C 


0.6 

pA 




CEi > Vccdr - 0.2 V 



1.5 


1 

Chip disable to data retention 

tCDR 


0 


ns 


Recovery time 

tRDR 


tRC 


ns 

2 


NOTES: 

1. CE 2 should be > Vccdr - 0-2 V or < 0.2 V. 

2. tpiQ = Read cycle time 



CE 2 CONTROL 



NOTE: To control data hold at CEi, fix tfie input level of CEg between Vccdr to Vccdr -0-2 V or 0 V to 0.2 V 
during the data retention. 


Figure 3. Low Voltage Data Retention 
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LH5168SH 


CMOS 64K (8K x 8) Static RAM 









CMOS 64K (8K x 8) Static RAM 


LH5168SH 



NOTES: _ _ 

1. The writing occurs during the overlap (t^p) of CE^ ="LOW", CE 2 and WE = "LOW". 

2. tew's defined as the time from the last occuring transition, either CE^ LOW transition or CE 2 HIGH transition, 
to the time when the writing is finished. 

3. t^s is defined as the time from address change to writing start. 

4. twR is defined as the time from writing finish to address change. _ 

5. If CEi LOW transition or CE 2 HIGH transition occurs at the same time or after WE LOW transition, the 
output will remain high-impedance. 

6. While the I/O pins are in the output state, input signals with the opposite logic level must not be applied. 


Figures. Write Cycle 1 


SHARP 
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LH5168SH 


CMOS 64K (8K x 8) Static RAM 



NOTES: _ _ 

1. The writing occurs during the overlap (twp) of CE^ ="LOW", CE 2 = "HIGH", and WE = "LOW". 

2. tew is defined as the time from the last occuring transition, either CE^ LOW transition or CE 2 HIGH transition, 
to the time when the writing is finished. 

3. t^s is defined as the time from address change to writing start. 

4. twR is defined as the time from writing finish to address change. _ 

5. If CEi LOW transition or CE 2 HIGH transition occurs at the same time or after WE LOW transition, the 

output will remain high-impedance. _ 

6. If CEi HIGH transition or CE 2 LOW transition occurs at the same time or before WE HIGH transition, the 
output will remain high-impedance. 

7. While the I/O pins are in the output state, input signals with the opposite logic level must not be applied. 

_ 5168S-5 

Figures. Write Cycle 2 
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LH5168ST 


CMOS 64K (8K x 8) Static RAM 


FEATURES 

• 8,192 X 8 bit organization 

• Access times: 

500 ns (MAX.) 

• Power consumption: 

Operating: 

60 mW (MAX.) @ 3 V 
Standby: 

3 pW (MAX.) @ 3 V 
Data hold 

0.2 pA (Vcc = 3 V, Ta = 25°C) 

• Wide operating voltage range: 

2.5 V to 5.5 V 

• Fully-static operation 

• TTL compatible I/O 

• Three-state outputs 

• Operating temperature: 

-10to+70°C 

• Package: 28-pin, 8x13 mm^ TSOP 
(Typel) 


DESCRIPTION 

The LH5168ST is a static RAM organized as 
8,192 X 8 bits. It is fabricated using silicon-gate CMOS 
process technology. 

PIN CONNECTIONS 


28-PIN TSOP TOP VIEW 



_ 5168S-li 

Figure 1. Pin Connections for TSOP Package 
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LH5168ST 


CMOS 64K (8K x 8) Static RAM 



Figure 2. LH5168ST Biock Diagram 


PIN DESCRIPTION 
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CMOS 64K (8K x 8) Static RAM 


LH5168ST 


TRUTH TABLE 



CE2 

WE 

M 

MODE 

l/Oi - I/Os 

SUPPLY CURRENT 

NOTE 

H 

X 

X 

X 

Standby 

High-Z 

Standby (Isb) 

1 

X 

L 

X 

X 

Standby 

High-Z 

Standby (Isb) 

1 

L 

H 

L 

X 

Write 

Din 

Operating (Ice) 

1 

L 

H 

H 

L 

Read 

Dout 

Operating (Ice) 


L 

H 

H 

H 

Output deselect 

High-Z 

Operating (Ice) 



NOTE: 

1. X = HorL 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vee 

-0.3 to +7.0 

V 

1 

Input voltage 

ViN 

-0.3 to Vee +0.3 

V 

1 

Operating temperature 

Topr 

-10 to +70 



Storage temperature 

Tstg 

-65 to +150 




NOTE: 

1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = -10 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vee 

2.4 

3.0 

5.5 

V 

Input voltage 
(Vee = 2.5 to 4.5 V) 

ViH 

Vee - 0.5 


Vee + 0.3 

V 

ViL 

-0.3 


0.2 

V 

Input voltage 
(Vee = 4.5 to 5.5 V) 

ViH 

2.2 


Vee + 0.3 

V 

ViL 

-0.3 


0.8 

V 


DC CHARACTERISTICS (Ta = -10 to +70°C, Vcc = 2,4 to 5.5 V) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

UNIT 

NOTE 

Input leakage current 

Ili 

ViN = 0 to Vee 

-1.0 

1.0 

pA 


Output leakage 
current 

Ilo 

CEi = ViH or CE 2 = ViL 
or OE = Vih orWE = ViL 

Vi/o = 0 to Vee 

-1.0 

1.0 

pA 


Operating current 


CEi = 0.2 V, ViN = 0.2 V or 
Vee - 0.2 V 

CE 2 = Vee - 0.2 V. 
Outputs open 

tCYCLE = 
500 ns 


20 

mA 


CEi = 0.2 V, ViN = 0.2 V or 
Vee - 0.2 V 

CE 2 = Vee - 0.2 V, 
Outputs open 

tCYCLE = 
1.0 \IS 


10 


= 0.2 V, ViN = 0.2 V or 
Vee - 0.2 V 

CE 2 = Vec-0.2 V, 
Outputs open, Vee = 3.3 V 

'^1 

0 0 


8 


Standby current 

Isb 

CE 2 < 0.2 V or CEi > Vee - 0.2 V 


1.0 

pA 

1 

ISB1 

^i=ViHorCEi=ViL 


5 

mA 


Output Low voltage 

VoL 

loL = 500 |iA 


0.5 

V 


Output High voltage 

VOH 

lOH = -500 jiA 

Vee-0.5 


V 

2 


NOTES: 

1. CEg should be > Vcc - 0.2 V or < 0.2 V. 

2. Vqh is 4.5 V (Min.) at Vcc > 5 V. 
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LH5168ST 


CMOS 64K (8K x 8) Static RAM 


AC CHARACTERISTICS 

(1) READ CYCLE (Ta = -10 to +70X, Vcc = 2.5 to 5.5 V) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 

Read cycle 

tRC 

500 


ns 

Address access time 

tAA 


500 

ns 

Chip enable 
access time 

(CEi) 

tACEl 


500 

ns 

(CE2) 

tACE2 


500 

ns 

Output enable access time 

tOE 


200 

ns 

Output hold time 

tOH 

10 


ns 

Chip enable to 
output in Low-Z 

(CEi) 

tLZI 

20 


ns 

(CEz) 

tLZ2 

20 


ns 

Output enable to output in Low-Z 

tOLZ 

10 


ns 

Chip enable to 
output in High-Z 

(CEi) 

tHZ1 

0 

60 

ns 

(CE2) 

tHZ2 

0 

60 

ns 

Output disable to output in High-Z 

tOHZ 

0 

40 

ns 


(2) WRITE CYCLE (Ta = -10 to +70°C, Vcc = 2.5 to 5.5 V) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 

Write cycle time 

twc 

500 


ns 

Chip enable to end of write 

tew 

250 


ns 

Address valid to end of write 

tAW 

250 


ns 

Address setup time 

tAS 

100 


ns 

Write pulse width 

twp 

150 


ns 

Write recovery time 

tWR 

50 


ns 

Data valid to end of write 

tow 

100 


ns 

Data hold time 

tOH 

0 


ns 

Output active from end of write 

tow 

20 


ns 

We to output in High-Z 

twz 

0 

60 

ns 

OE to output in High-Z 

tOHZ 

0 

40 

ns 


AC TEST CONDITIONS 


PARAMETER 

MODE 

Input voltage amplitude 

0 to Vcc 

Input rise/fall time 

10 ns 

Timing reference level 

1.5V 

Output load conditions 

No load 


CAPACITANCE (Ta = 25°C, f = 1 MHz) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Input capacitance 

CiN 

< 

z 

II 

o 

< 



7 

PF 

Input/output capacitance 

Ci/o 

Vi/o = 0V 



10 

PF 


NOTE: 

This parameter is sampied and not production tested. 
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CMOS 64K (8K x 8) Static RAM 


LH5168ST 
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LH5168ST 


CMOS 64K (8K x 8) Static RAM 
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CMOS 64K (8K x 8) Static RAM 


LH5168ST 



NOTES: _ _ 

1. The writing occurs during an overlapping period of CE^ = "LOW,* CEp= "HIGH," and WE = "LOW" (twp)- 

2. tew‘s defined as the time from the last occuring transit, either CE^ LOW transit or CE 2 HIGH transit, 
to the time when the writing is finished. 

3- Us is defined as the time from address change to writing start. 

4. twR is defined as the time from writing finish to address change. 

5. Th^nput signals of opposite phase to the outputs must not be applied while I/O pins are in the output state. 

6. If CEi LOW transit or CE 2 HIGH transit occurs at the same time or after WE LOW transit, the 

output will remain high-impedance. _ 

7. If CEi HIGH transit or CE 2 LOW transit occurs at the same time or before WE HIGH transit, the output will 
remain high-impedance. 


Figure 5. OE Low Fixed 
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LH5168ST 


CMOS 64K (8K x 8) Static RAM 



mmmm i»#^of{MATiON 


.. .li 

tm j 

i Type 

5 T 

Package 

1-28-pin, 8x13 mm^ TSOP (Type I) (TSOP28-P-0813) 

-Low Voltage Option 

r'kMr^c a Air fair ^ o\ DAHii 

emmftm (omos 64K (8K x 8) Static RAM, 28-pin, TSOP Type 1) ^ 
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LH5168Z8 


CMOS 64K (8K x 8) Static RAM 


FEATURES 


DESCRIPTION 


• 8,192 X 8 bit organization 

• Access time: 

200 ns (Vcc = 3.0 V MAX.) 

• Power consumption: 

Operating: 

60 mW (MAX.) @ 3 V 
Standby (to 60°C): 

3 |xW (MAX.) @ 3 V 
Data hoid 

0.6 ^lA (Vcc = 3 V, Ta = 60°C) 

• Operating voltage range: 

3.0 V to 3.6 V 

• Wide operating temperature range: 

-30 to 60°C 

• Fully-static operation 

• TTL compatible I/O 

• Three-state outputs 

• Package: 28-pin, 450-mil SOP 


The LH5168Z8 is a static RAM organized as 
8,192 X 8 bits. It is fabricated using silicon-gate CMOS 
process technology. 

PIN CONNECTIONS 


28-PIN SOP TOP VIEW 



S}« 82 i-t 


Figure 1. Pin CcmiMCtlons for SOP 






LH5168Z8 


CMOS 64K (8K x 8) Static RAM 



Figure 2. LH5168Z8 Biock Diagram 


PIN DESCRIPTION 
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CMOS 64K (8K x 8) Static RAM 


LH5168Z8 


TRUTH TABLE 



CE2 

We 

OE 

MODE 

l/Oi - I/Os 

SUPPLY CURRENT 

NOTE 

H 

X 

X 

X 

Standby 

High-Z 

Standby (Isb) 

1 

X 

L 

X 

X 

Standby 

High-Z 

Standby (Isb) 

1 

L 

H 

L 

X 

Write 

Din 

Operating (Ice) 

1 

L 

H 

H 

L 

Read 

Dout 

Operating (Ice) 


L 

H 

H 

H 

Output deselect 

High-Z 

Operating (Ice) 



NOTE: 

1. X = HorL 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

1 

Input voltage 

ViN 

-0.3 to Vcc+ 0.3 

V 

1 

Operating temperature 

Topr 

-30 to +60 

°C 


Storage temperature 

Tstg 

-65 to+150 

°C 



NOTE: 


1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = -30 to +60°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

3.0 


3.6 

V 

Input voltage 
(Vcc = 3.0 to 3.6 V) 

ViH 

Vcc - 0.5 


Vcc + 0.3 

V 

ViL 

-0.3 


0.2 

V 


DC CHARACTERISTICS (Ta = -30 to +60°C, Vcc = 3.0 to 3.6 V) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

UNIT 

NOTE 

Input leakage current 

MliI 

V|N = 0 to Vcc 

-1.0 

1.0 

pA 


Output leakage 
current 

1 Ilo I 

CEi = ViH or CE 2 = ViL 
orOE = ViH orWE = ViL 

Vi/o = 0 to Vcc 

-1.0 

1.0 

pA 


Operating current 

Icc 

CEi=:0.2 V, ViN = 0.2Vor 
Vcc - 0.2 V 

CE 2 = Vcc - 0.2 V, 
Outputs open 

tCYCLE = 

200 ns 


20 

mA 


^1=0.2 V, ViN = 0.2Vor 
Vcc - 0.2 V 

CE 2 = Vcc - 0.2 V, 
Outputs open 

tCYCLE = 

1.0 ps 


10 


^1=0.2 V, ViN = 0.2Vor 
Vcc - 0.2 V 

CE 2 = Vcc - 0.2 V, 
Outputs open, Vcc = 3.3 V 

tCYCLE = 

1.0 ps 


8 


Standby current 

Isb 

CE 2 < 0.2 V or 

CEi > Vcc-0.2 V 

To 

+60°C 


1.0 

HA 

1 

ISBI 

CEi = ViH orCE2 = ViL 


5 

mA 


Output voltage 

VoL 

loL = 500 pA 


0.5 

V 


VOH 

loH = -500 pA 

Vcc-0.5 


V 



NOTE: 

1. CEg should be > Vcc - 0.2 V or < 0.2 V. 
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Ui5168Z8 


CMOS 64K (8K x 8) Static RAM 


AC CMARACTER^TICS 

(1) R1A0 CYCUE (Ta = to +60°C, Vcc = 3.0 to 3.6 V) 



SYMBOL 

MIN. 

MAX. 

UNIT 

Read c^le 

tRC 

200 


ns 

Address access tlrrie 

tAA 


200 

ns 

access ^rm 

(CEi) 

UCEI 


200 

ns 

(CEz) 

tACE2 


200 

ns 

Output enaMe access time 

tOE 


150 

ns 

Output hofd time 

tOH 

10 


ns 

Chip enable to 
output in Low-Z 

(CEi) 

tLZ1 

20 


ns 

(CEz) 

tl 79 

20 


ns 

Output enable to output in Low-Z 

tOLZ 

10 


ns 

Chip ensd3ie to 
output in High-Z 

(CEi) 

tHZI 

0 

60 

ns 

(CE2) 

tHZ2 

0 

60 

ns 

Output disable to output in High-Z 

tOHZ 

0 

40 

ns 


(2) WRITE CYCLE (Ta = -30 to +60“C, Vcc = 3.0 to 3.6 V) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 

Write cycle time 

two 

200 


ns 

Chip enable to end of write 

tew 

180 


ns 

Address valid to end of write 

lAW 

180 


ns 

Address setup time 

tAS 

0 


ns 

Write pulse width 

tWP 

150 


ns 

Write recovery time 

tWR 

0 


ns 

Data valid to end of write 

tow 

100 


ns 

Data hold time 

tOH 

0 


ns 

Output active from end of write 

tow 

20 


ns 

WE to output in High-Z 

twz 

0 

60 

ns 

OE to output in High-Z 

tOHZ 

0 

40 

ns 


AC TEST CONDITIONS 


PARAMETER 

MODE 

Input voltage amplitude 

0 to Vcc 

Input rise/fall time 

10 ns 

Timing reference level 

1.5V 

Output load conditions 

No load 


CAPACITANCE (Ta = 25°C, f = 1 MHz) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Ini^t capacitance 

CiN 

< 

z 

M 

O 

< 



7 

PF 

Input/output capacitance 

Ci/o 

< 

§ 

II 

O 

< 



10 

PF 


NOTE: 


This pwamstBr is sampied and not production tested. 
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CMOS 64K (8K x 8) Static RAM 


LH5168Z8 


DATA RETENTION CHARACTERISTICS (Ta = -30 to +60°C) 


PARAMETER 


CONDITIONS 


MIN. MAX. UNIT NOTE 














LH5168Z8 


CMOS 64K (8K x 8) Static RAM 



NOTES: _ _ 

1. The writing occurs during an overlapping period of CE^ = "LOW," CEg = "HIGH," and WE = "LOW" (twp). 

2. tQw is defined as the time from the last occuring transit, either CE^ LOW transit or CE 2 HIGH transit, 
to the time when the writing is finished. 

3. t^s is defined as the time from address change to writing start. 

4. twR is defined as the time from writing finish to address change. 

5. The input signals of opposite phase to the outputs must not be applied while I/O pins are in the output state. 


Figure 4. Write Cycle 
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CMOS 64K (8K x 8) Static RAM 


LH5168Z8 


^wc 





ADDRESS ^ 


( 


Uw 1 

twR 

(NOTE 4) 


^CW 


(NOTE 2) 

\_ L 





WM 



tew . twR 





/////////h 

wmm 

1 .N 




Us 

w 

twR 


' (NOTE 3) 

(NOTE 1) 

^ ) 


WE 




w 

tow 

(NOTE 6) 

(NOTE 7) 


))))))))))))))))m n 


*DW 




^DH 


(NOTES) ^ 

- A 


NOTES: _ _ 

1. The writing occurs during an overlapping period of CE^ = "LOW," CE^g "HIGH," and WE = “LOW" (t^p). 

2. tew is defined as the time from the last occuring transit, either CE^ LOW transit or CE 2 HIGH transit, 
to the time when the writing is finished. 

3. t/vsis defined as the time from address change to writing start. 

4. tyvp is defined as the time from writing finish to address change. 

5. The input signals of opposite phase to the outputs must not be applied while I/O pins are in the output state. 

6. If CEi LOW transit or CE 2 HIGH transit occurs at the same time or after WE LOW transit, the output will 

remain high-impedance. _ 

7. If CEi HIGH transit or CE 2 LOW transit occurs at the same time or before WE HIGH transit, the output will 
remain high-impedance. 

5168Z8-5 


Figure 5. OE Low Fixed 
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LH5168Z8 


CMOS 64K (8K x 8) Static RAM 


CEi CONTROL (NOTE) 



CE 2 CONTROL 


DATA HOLD MODE 



CE2^0.2V 

NOTE: To control the data hold mode at CE^, fix the input level of CE 2 between Vccdr to Vccdr - 0.2 V or 0 V to 0.2 V 
during the data hold mode. 

Figure 6. Low Voitage Data Retention 


ORDERING INFORMATION 


LH5168Z8 
Device Type 


CMOS 64K (8K x 8) Static RAM 


Exampie: LH5168Z8 (CMOS 64K (8K x 8) Static RAM. 200 ns, 28-pin, 450-mil SOP) 
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LH5168Z9 


ADVANCE INFORMATION 

CMOS 64K (8K x 8) Static Ram 


FEATURES 


DESCRIPTION 


• 8,192 X 8 bit organization 

• Access time; 260 ns 


The LH5168Z9 is a static RAM organized as 
8,192 X 8 bits. It is fabricated using silicon-gate CMOS 
process technology. 


• Power consumption: 

Operating: 

60 mW (MAX.) @ 3 V 
Standby (to 60°C): 

3 pW (MAX.) @ 3 V 
Data hoid 

0.6 pA (Vcc = 3 V, Ta = 60°C) 

• Operating voltage range; 

2.7 V to 3.6 V 

• Operating temperature range: 

-10to60°C 

• Fully-static operation 

• TTL compatible I/O 

• Three-state outputs 

• Package: 28-pin, 450-mil SOP 


PIN CONNECTIONS 



SHARP 
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LH5168Z9 


ADVANCE INFORMATION 


CMOS 64K (8K x 8) Static RAM 



Figure 2. LH5168Z9 Biock Diagram 


PIN DESCRIPTION 
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CMOS 64K (8K x 8) Static RAM 


ADVANCE INFORMATION 


LH5168Z9 


TRUTH TABLE 


CEi 

CE2 

WE 

OE 

MODE 

I/O 1 - I/Os 

SUPPLY CURRENT 

NOTE 

H 

X 

X 

X 

Standby 

High-Z 

Standby (Isb) 

1 

X 

L 

X 

X 

Standby 

High-Z 

Standby (Isb) 

1 

L 

H 

L 

X 

Write 

Din 

Operating (Ice) 

1 

L 

H 

H 

L 

Read 

Dout 

Operating (Ice) 


L 

H 

H 

H 

Output deselect 

High-Z 

Operating (Ice) 



NOTE: 

1. X = HorL 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

1 

Input voltage 

ViN 

-0.3 to Vcc + 0.3 

V 

1 

Operating temperature 

Topr 

-10 to +60 

°c 


Storage temperature 

Tstg 

-65 to +150 

°c 



NOTE: 

1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = -10 to +60°C) 


PARAMETER 



TYP. 


UNIT 

Supply voltage 

Vcc 

2.0 


3.6 

V 

Input voltage 
(Vcc = 3.0 to 3.6 V) 


Vcc - 0.5 


Vcc + 0.3 

V 

ViL 

-0.3 


0.2 

V 


DC CHARACTERISTICS (Ta = -10 to +60X, Vcc = 2.7 to 3.6 V) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

UNIT 

NOTE 

Input leakage current 

IIliI 

V|N = 0 to Vcc 

-1.0 

1.0 

pA 


Output leakage 
current 

1 Ilo I 

CEi = ViH or CE 2 = ViL 
orOE = ViH orWE = ViL 

Vi/o = 0 to Vcc 

-1.0 

1.0 

pA 


Operating current 

Icc 

CEi=0.2 V, ViN = 0.2Vor 
Vcc - 0.2 V 

CE2 = Vcc- 0.2 V, 
Outputs open 

tCYCLE = 

200 ns 


20 

mA 


CEi = 0,2 V, ViN = 0.2 V or 
Vcc - 0.2 V 

CE 2 = Vcc - 0.2 V, 
Outputs open 

tCYCLE = 

1.0 ps 


10 


CEi =0.2 V, ViN = 0.2Vor 
Vcc-0.2 V 

CE 2 = Vcc - 0.2 V, 
Outputs open, Vcc = 3.3 V 

tCYCLE = 
1.0 ps 


8 


Standby current 

Isb 

CE2S0.2Vor 

CEi > Vcc-0.2 V 

To 

+60'’C 


1.0 

HA 

1 

ISB1 

CEi = ViH orCE2 = ViL 


5 

mA 


Output Low voltage 

VoL 

loL = 500 pA 


0.5 

V 


Output High voltage 

VoH 

loH = -500 pA 

Vcc - 0.5 


V 



NOTE: 

1. CE 2 should be ^ Vcc - 0.2 V or < 0.2 V. 


SI-IARF> 
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LH5168Z9 


ADVANCE INFORMATION 


CMOS 64K (8K x 8) Static RAM 


AC CHARACTERISTICS 

(1) READ CYCLE (Ta = -10 to +60°C, Vcc = 2.7 to 3.6 V) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 

Read cycle 

tRC 

260 


ns 

Address access time 

tAA 


260 

ns 

Chip enable 
access time 

(CEi) 

tACE1 


260 

ns 

(CE2) 

tACE2 


260 

ns 

Output enable access time 

tOE 


200 

ns 

Output hold time 

tOH 

10 


ns 

Chip enable to 
output in Low-Z 

(CEi) 

tLZI 

20 


ns 

(CE2) 

tLZ2 

20 


ns 

Output enable to output in Low-Z 

tOLZ 

10 


ns 

Chip enable to 
output In High-Z 

(CEi) 

tHZI 

0 

60 

ns 

(CE2) 

tHZ2 

0 

60 

ns 

Output disable to output in High-Z 

tOHZ 

0 

40 

ns 


(2) WRITE CYCLE (Ta = -10 to +60°C, Vcc = 2.7 to 3.6 V) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 

Write cycle time 

two 

260 


ns 

Chip enable to end of write 

tew 

200 


ns 

Address valid to end of write 

tAW 

200 


ns 

Address setup time 

tAS 

0 


ns 

Write pulse width 

twp 

150 


ns 

Write recovery time 

tWR 

0 


ns 

Data valid to end of write 

tow 

100 


ns 

Data hold time 

tDH 

0 


ns 

Output active from end of write 

tow 

20 


ns 

We to output in High-Z 

twz 

0 

60 

ns 

OE to output in High-Z 

tOHZ 

0 

40 

ns 


AC TEST CONDITIONS 


PARAMETER 

MODE 

Input voltage amplitude 

0 V to Vcc 

Input rise/fall time 

10 ns 

Timing reference level 

1.5V 

Output load conditions 

No load 


CAPACITANCE (Ta = 25°C, f = 1 MHz) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Input capacitance 

CiN 

> 

o 

II 

z 

> 



7 

PF 

Input/output capacitance 

Ci/o 

Vi/o = 0V 



10 

pF 


NOTE: 

This parameter is sampled and not production tested. 
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CMOS 64K (8K x 8) Static RAM 


ADVANCE INFORMATION 


LH5168Z9 


DATA RETENTION CHARACTERISTICS (Ta = -10 to +60X) 


PARAMETER 


Data retention voltage 


SYMBOL 


VCCDR 


CONDITIONS 


UNIT NOTE 


_CE2<0.2 Vor 

CEi > VccDR - 0.2 V 




VcCDR = 3 V 

Ta = 25°C 


0.2 



Data retention current 

ICCDR 

_^CE2<0.2Vor 

CEi > VccDR - 0.2 V 

Ta = 60‘>C 


0.6 

ma 

1 

Chip disable to data retention 

tCDR 


0 


ns 


Recovery time 

tRDR 


tRC 


ns 

2 


NOTES: 

1 • CE 2 should b© ^ Yqqqp - 0.2 V or ^ 0.2 V. 
2. tRc = cycle time 


CEi CONTROL (NOTE) 

Vcc 


CEj CONTROL 


DATA HOLD MODE 



CEi 2: VccDR ■ 0-2 V 


DATA HOLD MODE 



NOTE: To control the data hold mode at CEi, fi>^ l®v®l ot CE 2 between Vqcdr to Vqcdr - 0.2 V or 0 V to 0.2 V 

during the data hold mode. 



Figure 3. Low Voltage Data Retention 
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LH5168Z9 


ADVANCE INFORMATION 


CMOS 64K (8K x 8) Static RAM 
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CMOS 64K (8K x 8) Static RAM 


ADVANCE INFORMATION 


LH5168Z9 



NOTES: _ _ 

1. The writing occurs during an overlapping period of CE^ = "LOW," CEy = "HIGH," and WE = "LOW" (twp). 

2. tQw is defined as the time from the last occuring transit, either CE^ LOW transit or CE 2 HIGH transit, 
to the time when the writing is finished. 

3. t^s is defined as the time from address change to writing start. 

4. tyvR is defined as the time from writing finish to address change. 

5. The input signals of opposite phase to the outputs must not be applied while I/O pins are in the output state. 


Figures. Write Cycle 


SHLAJRR 
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LH5168Z9 


ADVANCE INFORMATION 


CMOS 64K (8K x 8) Static RAM 



NOTES: _ _ 

1. The writing occurs during an overlapping period of CE^ = "LOW," CE? = “HIGH," and WE = "LOW* (twp). 

2. tovv is defined as the time from the last occuring transit, either CE^ LOW transit or CE 2 HIGH transit, 
to the time when the writing is finished. 

3. t^s is defined as the time from address change to writing start. 

4. twR is defined as the time from writing finish to address change. 

5. The input signals of opposite phase to the outputs must not be applied while I/O pins are in the output state. 

6. If CEi LOW transit or CE 2 HIGH transit occurs at the same time or after WE LOW transit, the output will 

remain high-impedance. _ 

7. If CE^ HIGH transit or CE 2 LOW transit occurs at the same time or before WE HIGH transit, the output will 
remain high-impedance. 

5168Z9-5 


Figure 6. OE Low Fixed 


ORDERING INFORMATION 


LH5168Z9 
Device Type 


CMOS 64K (8K x 8) Static RAM 


Exampie: LH5168Z9 (CMOS 64K (8K x 8) Static RAM) 
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LH5268A 


CMOS 64K (8K x 8) Static Ram 


FEATURES 

• 8,192 X 8 bit organization 

• Access times: 100 ns (MAX.) 

• Power consumption: 

Operating: 

220 mW (MAX.) 

55 mW (MAX.) (tRc, twc = 1 ps) 
Standby: 

220 pW (MAX.) 

Data retention: 

5.5 pW (Vcc = 3 V, Ta = 25°C) 

• Operating temperature: 

0°C to 70°C 

• Fully-static operation 

• Three-state outputs 

• Single +5 V power supply (5 V ± 10%) 

• TTL compatible I/O 

• Packages: 

28-pin, 600-mil DIP 
28-pin, 300-mil SK-DIP 
28-pin, 450-mil SOP 


DESCRIPTION 

The LH5268A is a static RAM organized as 8,192 
X 8 bits, it is fabricated using siiicon-gate CMOS proc¬ 
ess technoiogy. 

PIN CONNECTIONS 


28-PIN DIP 

28-PIN SK-DIP 

28-PIN SOP 




TOP VIEW 

NCC 

1 • 

28 

^ Vcc 


A12III 

2 

27 

□ WE 


A7I: 

3 

26 

□ CEa 


AeC 

4 

25 

□ As 


AsC 

5 

24 

□ Ag 


A 4 II 

6 

23 

□ All 


A 3 C 

7 

22 



A2 EZ 

8 

21 

I] A10 


AiC 

9 

20 

TJ 

ml 


AoC 

10 

19 

□ l/Oo 


I/O 1 c 

11 

18 

□ I/O 7 


i/OgCI 

12 

17 

□ l/Oe 


1 /O 3 II 

13 

16 

□ I/O 5 


gndc: 

14 

15 

) 

□ I/O 4 

5268A-1 


Figure 1. Pin Connections for DiP, SK-DiP, 
and SOP Packages 
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LH5268A 


CMOS 64K (8K x 8) Static RAM 



Figure 2. LH5268A Biock Diagram 


PIN DESCRIPTION 



A 0 -A 12 I Address inputs 


- CE 2 Chip Enable input 

WE Write Enable Input 

^ Output Enable input 



I/O 1 - I/Ob Data inputs and outputs 

Vcc Power supply 

GND Ground 

NC Non-connection 
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CMOS 64K (8K x 8) Static RAM 


LH5268A 


TRUTH TABLE 



CE2 

WE 

OE 

MODE 

l/Oi - I/Os 

SUPPLY CURRENT 

NOTE 

H 

X 

X 

X 

Standby 

High-Z 

Standby (Isb) 

1 

X 

L 

X 

X 

Standby 

High-Z 

Standby (Isb) 

1 

L 

H 

L 

X 

Write 

Din 

Operating (Ice) 

1 

L 

H 

H 

L 

Read 

Dout 

Operating (Ice) 


L 

H 

H 

H 

Output disable 

High-Z 

Operating (Ice) 



NOTE: 

1. X=HorL 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

70 ns 

100 ns 

Supply voltage 

Vee 

-0.5 to + 7.0 

-0.3 to + 7.0 

V 

1 

Input voltage 

ViN 

-0.5 to Vee +0.5 

-0.3 to Vee +0.5 

V 

1,2 

Operating temperature 

Topr 

0 to +70 

0 to +70 



Storage temperature 

Tstg 

-55 to -1-150 

-65 to -1-150 




NOTES: 

1. The maximum applicable voltage on any pin with respect to GND. 

2. Undershoot of -3.0 V is allowed once per cycle. 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Supply voltage 

Vee 

4.5 

5.0 

5.5 

V 


Input voltage 

ViH 

2.2 


Vee + 0.5 

V 


ViL 

-0.3 


0.8 

V 

1 


NOTE: 

1. Undershoot of -3.0 V is allowed once per cycle. 


DC CHARACTERISTICS (Ta = 0 to +70°C, Vcc = 5 V ±10%) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

UNIT 

NOTE 

Input leakage 
current 

Ili 

ViN = 0 to Vee 

-1 

1 

pA 


Output leakage 
current 

Ilo 

CEi = V|H or CE 2 = ViL 
or OE = Vih or WE = Vil 

Vi/o = 0 V to Vee 

-1 

1 

pA 




CEi = ViL, ViN = ViL or ViH 
CE 2 = ViH, li/o = 0 mA 

teveuE = 
100 ns 


40 



Operating current 

lee 

CEi = 0.2 V, ViN = 0.2 V or 
Vee - 0.2 V 

CE 2 = Vce-0.2 V, h/o = 0 
mA 

teveiE = 
1.0 ps 


10 




ISB1 

CEi = ViH or CE 2 = ViL 


3 

mA 


Standby current 

Isb 

CE2<0.2 Vor 

CEi > Vee-0.2 V 


40 

pA 

1 

Output voltage 

VoL 

Iol = 2.1 mA 


0.4 

V 


VOH 

loH = -1.0 mA 

2.4 


V 



NOTE: 

1. CEg ^ Vcc - 0.2 V or CEg < 0.2 V 
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LH5268A 


CMOS 64K (8K x 8) Static RAM 


AC CHARACTERISTICS 

(1) READ CYCLE (Ta = 0 to +70X, Vcc = 5 V ±10%) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 

NOTE 

Read cycle 

tRC 

100 


ns 


Address access time 

tAA 


100 

ns 


Chip enable 
access time 

(CEi) 

tACE1 


100 

ns 


(CE2) 

tACE2 


100 

ns 


Output enable access time 

tOE 


40 

ns 


Output hold time 

tOH 

10 


ns 


Chip enable to 
output in Low-Z 

(CEi) 

tLZ1 

10 


ns 

1 

(CE2) 

tl 79 

10 


ns 

1 

Output enable to output in 
Low-Z 

tOLZ 

5 


ns 

1 

Chip enable to 
output in High-Z 

(CEi) 

tHZ1 

0 

30 

ns 

1 

(CE2) 

tHZ2 

0 

30 

ns 

1 

Output disable to output in 
High-Z 

tOHZ 

0 

20 

ns 

1 


NOTE: 

1. Active output to hIgh-Impedance and high-impedance to output active tests specified for a ±200 mV transition 
from steady state levels into the test load. 


(2) WRITE CYCLE (Ta = 0 to +70X, Vcc = 5 V ±10%) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 

NOTE 

Write cycle time 

twc 

100 


ns 


Chip enable to end of write 

tew 

80 


ns 


Address valid to end of write 

tAW 

80 


ns 


Address setup time 

tAS 

0 


ns 


Write pulse width 

tWP 

60 


ns 


Write recovery time 

tWR 

0 


ns 


Data valid to end of write 

tow 

40 


ns 


Data hold time 

tOH 

0 


ns 


Output active from end of write 

tow 

10 


ns 

1 

WE to output in High-Z 

twz 

0 

30 

ns 

1 

OE to output in High-Z 

tOHZ 

0 

20 

ns 

1 


NOTE: 

1. Active output to high-impedance and high-impedance to output active tests specified for a ±200 mV transition 
from steady state levels into the test load. 

AC TEST CONDITIONS 


PARAMETER 

MODE 

Input voltage amplitude 

0.6 to 2.4 V 

Input rise/fall time 

10 ns 

Timing reference level 

1.5 V 

Output load conditions 

1TTL + Cl (100 pF) 
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CMOS 64K (8K x 8) Static RAM 


LH5268A 


CAPACITANCE (Ta = 25X, f = 1 MHz) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 


Input capacitance 

CiN 

< 

z 

II 

0 

< 



7 

PF 

Input/output capacitance 

Ci/o 

VI/0 = 0 V 



10 

PF 


NOTE: 

1. This parameter is sampled and not production tested. 


DATA RETENTION CHARACTERISTICS (Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

UNIT 

NOTE 

Data retention 
voltage 

Vccdr 

_^CE2<0.2Vor 

CEi > Vccdr - 0.2 V 

2.0 

5.5 

V 


Data retention 
current 

ICCDR 

Vccdr = 3 V, U = 

CE2<0.2Vor aS^C 


1 

pA 

1 

CEi > Vccdr - 0.2 V 


20 

pA 

Chip disable to 
data retention 

tCDR 


0 


ns 


Recovery time 

tRDR 


tRC 


ns 

2 


NOTES: 

1. CEg > VccDR - 0-2 V or CEg < 0.2 V 

2. tRQ = Read cycle time 



CEg CONTROL 



CE2<0.2 V 


NOTE: To control the data retention mode at CEi, fix the input level of CE 2 between Vccdr and Vccdr - 0.2 V or 0 V and 0.2 V 
during the data retention mode. 


Figure 3. Low Voitage Data Retention 
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CMOS 64K (8K x 8) Static RAM 


LH5268A 



NOTES: _ _ 

1. The writing occurs during an overlapping period of CE^ = "LOW," CE 2 = “HIGH," and WE = "LOW" (twp). 

2. tew is defined as the time from the last occuring transition, either CE, LOW transition or CEg HIGH transition, 
to the time when the writing is finished. 

3- Us is defined as the time from address change to writing start. 

4. twR is defined as the time from writing finish to address change. i 

_ _ _ _ _ 5268A-4I 

Figures. WriteCyciel 
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LH5268A 


CMOS 64K (8K x 8) Static RAM 



NOTES: _ _ 

1. The writing occurs during an overlapping period of CE^ = "LOW," CE 2 = "HIGH," and WE = "LOW" (twp). 

2. tew‘s defined as the time from the last occuring transition, eitfier CE^ LOW transition or CEg HIGH transition, 
to the time when the writing is finished. 

3. t^s is defined as the time from address change to writing start. 

4. twR is defined as the time from writing finish to address change. 

5. When I/O pins are in the output state, input signals with the opposite logic level must not be applied. 

6 . If CEi LOW transition or CEg high-transition occurs at the same time or after WE LOW transition, the 

outputs will remain high-impedance. _ 

7. If CE■^ HIGH transition or CEg LOW transition occurs at the same time or before WE HIGH transit, the 
outputs will remain high-impedance. 

_ _ _5268A-5 


Figures. Write Cycle 2 


ORDERING INFORMATION 


LH5268A X -## LL 

Device Type Package Speed Power 

I I I I-Low-Low-power standby 40 pA MAX. 


100 Access Time (ns) 


Blank 28 pin, 600-mil DIP (DIP28-P-600) 

- D 28-pin, 300-mil SK-DIP (SK-DIP28-P-300) 

[n 28-pin, 450-mil SOP (SOP28-P-450) 

-CMOS 64K (8K x 8) Static RAM 

Example: LH5268AD-10LL (CMOS 64K (8K x 8) Static RAM, Low-Low-power standby, 100 ns, 28-pin, 300-mil SK-DIP) 

_____ S268A-7 
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LH51256L 


CMOS 256K (32K x 8) Static RAM 


FEATURES 

• 32,768 X 8 bit organization 

• Access times: 100/120 ns (MAX.) 

• Power consumption; 

Operating: 248 mW (MAX.) 

(Ta = -40 to 85“C, minimum cycle) 
Standby: 5.5 pW (MAX.) 

(Ta = 0 to 60°C) 

• Fully-static operation 

• TTL compatible I/O 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 

28-pin, 600-mil DIP 
28-pin, 450-mil SOP 


DESCRIPTION 

The LH51256L is a 256K bit static RAM organized 
as 32,768 X 8 bits which provides low-power standby 
mode. It is fabricated using silicon-gate CMOS process 
technology. 


PIN CONNECTIONS 


28-PIN DIP 





TOP VIEW 

28-PIN SOP 



N 




A 14 C 

1 • 

28 

H Vcc 



A 12 CI 

2 

27 

□ we 



A 71 : 

3 

26 

^ Ai3 



AglZ 

4 

25 

□ Ae 




5 

24 

□A, 



A 4 C 

6 

23 

□ A^i 



A 3 CI 

7 

22 

□ 61 



A 2 C 

8 

21 

□ Aio 



Aid 

9 

20 

□ ci 



AqIZ 

10 

19 

□ l/Oo 



l/Oid 

11 

18 

□ I /07 



l/Ogll 

12 

17 

□ l/Og 



1 /O 3 C: 

13 

16 

□ I /05 



GNDd 

14 

15 

/ 

□I /04 







51256L-1 


Figure 1. Pin Connections for DIP and 
SOP Packages 
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LH51256L CMOS 256K (32K x 8) Static RAM 



Figure 2. LH51256L Biock Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

Ao' Ai4 

Address input 


Chip Enable input 

We 

Write Enable input 


Output Enable Input 


TRUTH TABLE 


SIGNAL 

PIN NAME 

l/Oi - I/Os 

Data Input/Output 

Vcc 

Power supply 

GND 

Ground 
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CMOS 256K (32K x 8) Static RAM 


LH51256L 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

V(X 

-0.3 to -1-7,0 

V 

1 

Input voltage 

ViN 

-0.3 to + 7.0 

V 

1 

Operating temperature 

Topr 

-40 to -1-85 

°c 


Storage temperature 

Tstg 

-55 to -f-150 




NOTE: 

1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = -40 to +85°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vex: 

4.5 

5.0 

5.5 

V 

Input voltage 

ViH 

2.2 


Vcc + 0.3 

V 

ViL 

-0.3 


0.8 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = -40 to +85°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Input leakage current 

I III I 

Vcc = 5.5 V 

VlN = 0 to Vcc 



1 

pA 

Output leakage current 

I Ilo I 

^orOE = ViH, 

Vi/o = 0 to Vcc 



1 

pA 

Operating current 

Ice 

^ = ViL. 

Outputs open 



45 

mA 

Standby current 

ISBI 

I 

> 

li 

|UJ 

lo 



10 

mA 

ISB 

CE> Vcc-0.2 V 

TA = 0to-i-60®C 



1 

pA 

^>Vcc-0.2V 

TA = -40to-i-85°C 



5 

pA 

Output voltage 

VoL 

Iol = 2.1 mA 



0.4 

V 

VoH 

loH = -1.0 mA 

2.4 



V 


AC CHARACTERISTICS 

(1) READ CYCLE (VcC = 5 V ±10%, Ta = -40 to +85°C) 


PARAMETER 

SYMBOL 

LH51256/N-10L 


UNIT 

NOTE 

MIN. 

MAX. 

MIN. 

MAX. 

Read cycle time 

tRC 

100 




ns 


Address access time 

tAA 


100 



ns 


Chip enable access time 

tACE 


100 


120 

ns 


Output enable access time 

tOE 


50 


60 

ns 


Output hold time 

tOH 

5 


5 


ns 


^ Low to output in Low-Z 

tLZ 

5 


5 


ns 

1 

^ Low to output in Low-Z 

tOLZ 

5 


5 


ns 

1 

CE High to output in High-Z 

tHZ 

0 

30 

0 

30 

ns 

1 

OE High to output in High-Z 

tOHZ 

0 

30 

0 

30 

ns 

1 
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LH51256L 


CMOS 256K (32K x 8) Static RAM 


(2) WRITE CYCLE (Vcc = 5 V ±10%, Ta = -40 to +85°C) 


PARAMETER 

SYMBOL 

LHS1256/N-10L 

LH51256/N-12L 

UNIT 

NOTE 

MIN. 

MAX. 

MIN. 

MAX. 

Write cycle time 

twc 

100 


120 


ns 


CE Low to end of write 

tew 

90 


100 


ns 


Address valid to end of write 

tAW 

90 


100 


ns 


Address setup time 

tAS 

5 


5 


ns 


Write recovery time 

tWR 

15 


15 


ns 


Write pulse width 

twp 

50 


50 


ns 


Input data setup time 

tow 

30 


30 


ns 


Input data hold time 

tOH 

10 


10 


ns 


WE High to output in High-Z 

tow 

0 


0 


ns 

1 

WE Low to output in High-Z 

twz 

0 

30 

0 

30 

ns 

1 

OE High to output in High-Z 

tOHZ 

0 

30 

0 

30 

ns 

1 


NOTE: 

1. Active output to high-impedance and high-impedance to output active tests specified for a ±500 mV transition 
from steady state levels into the test load. C|_oad = 5 PF- 

AC TEST CONDITIONS 


PARAMETER 

MODE 

Input voltage amplitude 

0.6 V to 2.4 V 

input rise/fail time 

10 ns 

Timing reference level 

1.5 V 

Output load conditions 

1TTL + Cl= 100 pF 
(Includes scope and jig 
capacitance) 


CAPACITANCE ' C^A = 25°C, f = 1 MHz) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Input capacitance 

C|N 

> 

o 

II 

z 

> 



7 

pF 

Input/output capacitance 

Ci/o 

> 

o 

II 

> 



10 

pF 


NOTE: 

1. This parameter is sampled and not production tested. 


DATA RETENTION CHARACTERISTICS (Ta = -40 TO +85°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Data retention voltage 

VCCDR 

CE > VcCDR - 0.2 V 

2.0 



V 


Data retention current 

ICCDR 

_VcCDR = 3.0 V, 

CE > VccDR ’ 0.2 V, 
TA = 0to+60°C, 

V|N = 0 to VcCDR 



0.6 

pA 


_VcCDR = 3.0 V 

CE > VccDR - 0.2 V, 
TA = -40to +85°C, 
ViN = 0 to VcCDR 



3.0 

jiA 


^ setup time 

tCDR 


0 



ns 


^ hold time 

tRDR 


tRC 



ns 

1 


NOTE: 

1. tRc = Read cycle time 
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LH51256L 


CMOS 256K (32K x 8) Static RAM 








CMOS 256K (32K x 8) Static RAM 


LH51256L 



NOTES: _ _ 

1. The write pulse occurs during the overlap (t^p) of CE = LOW and WE = LOW. 

2. tew is defined as the time from CE LOW transition to the end of writing. 

3. t^s is defined as the time from address change to the start of writing. 

4. twR is defined as the time from the end of writing to the address change. 

5. When the I/O pins are in the output state, input signals with the opposite logic level must not be applied. 

6 . If CE LOW transition occurs at the same time or after WE L OW t ransition, the output will remain high-impedance. 

7. If CE HIGH transition occurs at the same time or prior to the WE HIGH transition, the output will remain high-impedance. 


Figure 6. Write Cycle 2 (OE Low) 


ORDERING INFORMATION 


LH51256 X -## 

Device Type Package Speed 


10L 100 
12L 120 


Access Time (ns) 


Blank 28-pin, 600-mil DIP (DIP28-P-600) 
N 28-pin. 450-mil SOP (SOP28-P-450) 


CMOS 256K (32K x 8) Static RAM, Low-power standby 


Example: LH51256N-10L (CMOS 256K (32K x 8) Static RAM, 100 ns, 28-pin, 450-mil SOP) 

51256L-7 
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LH52B256 


CMOS 32Kx 8 Static RAM 


FEATURES 

• Access Times: 70/100 ns 

• Automatic Power Down During Long Read 
Cycles 

• Low-Power Standby When Deselected 

• TTL Compatible I/O 

• 5 V± 10% Supply 

• Fully-Static Operation 

• 2 V Data Retention 


When E is LOW and W is HIGH, a static Read will occur 
at the memory location specified by the address lines. G 
must be brought LOW to enable the outputs. Since the 
device is fully static in operation, new Read cycles can be 
performed by simply changing the address. An Automatic 
Power Down feature decreases current consumption 
when Read cycles extend beyond their minimum cycle 
time. 

High-frequency design techniques should be em¬ 
ployed to obtain the best performance from this device. 
Solid, low-impedance power and ground planes, with 
high-frequency decoupling capacitors, are recom¬ 
mended. Series termination of the inputs should be con¬ 
sidered when transmission line effects occur. 


• Packages: PIN CONNECTIONS 

28-Pin, 300-mil DIP 
28-Pin, 600-mil DIP 
28-Pin, 450-mil SOP 
28-Pin, 8x13 mm^ TSOP (Type I) 

FUNCTIONAL DESCRIPTION 

The LH52B256 Is a high-density 262,144 bit static 
RAM organized as 32K x 8. An efficient design is obtained 
with a CMOS periphery and a matrix constructed with 
polyslllcon load memory cells. 

_This RAM is fully static in operation. The Chip Enable 
(E) control permits Read and Write operations when 
active (LOW) or places the RAM in a low-power standby 
mode when inactiv^(HIGH). Standby power (Isbi) drops 
to its lowest level if E is raised to within 0.2 V of Vcc. 

Write cyclesjxcur when both Chip Enable (E) and 
Write Enable (W) are LOW. Data is transferred from the 
DO pins to the memory location specified by the 15 
addressJines. The proper use of the Output Enable 
control (G) can prevent bus contention. Figure 1. Pin Connections for DiP and 

SOP Packages 


28-PIN DIP TOP VIEW 

28-PIN SOP 

Ai4 

Ai2 
Ay 
Ae 
As 
A4 
A3 
A2 

Ai 

Ao 
DQo 

DQi 
DQ 2 
Vss 

_52B256LL-1I 
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LH52B256 


CMOS 32K X 8 Static RAM 



MEMORY ARRAY 
(32,768 X 8) 



DQq - DQy 


I/O CIRCUIT 

BLOCK 

COLUMN 

DECODE 

DECODE 

> — 
o 

»> — 

> — 

> — 

> — 


Figure 3. LH52B256 Block Diagram 


TRUTH TABLE 

' 1 I G I W I MODE 


PIN DESCRIPTIONS 


NOTE: 

X = Don’t Care, L = LOW, H = HIGH 


H X 

X 

Standby 

High-Z 

Standby 

L H 

H 

Read 

High-Z 

Active 

L L 

H 

Read 

Data Out 

Active 

L X 

L 

Write 

Data in 

Active 


PIN 


Ao-Ai4 
DQo - DQz 

_E_ 

^ _ 

^ _ 

VCC _ 

Vss 


DESCRIPTION 


Address Inputs 
Data Inputs/Outputs 
Chip Enable input 
Output Enable input 
Write Enable input 
Positive Power Supply 
Ground 
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CMOS 32K X 8 Static RAM 


LH52B256 


ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Vec to Vss Potential 

-0.5Vto7V 

Input Voltage Range 

-0.5 V to Vec + 0.5 V 

DC Output Current ^ 

±40 mA 

Storage Temperature Range 

-65°Cto150°C 

Power Dissipation (Package Limit) 

1.0W 


NOTES: 


1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the ‘Operating Range’ 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

OPERATING RANGES 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNIT 

Ta 

Temperature, Ambient 

0 


70 

°c 

Vec 

Supply Voltage 

4.5 

5.0 

5.5 

V 

Vss 

Supply Voltage 

0 

0 

0 

V 

ViL 

Logic ‘0’ Input Voltage ^ 

-0.5 


0.8 

V 

ViH 

Logic T’ Input Voltage 

2.2 


Vec + 0.5 

V 


NOTE: 

1. Negative undershoot of up to 3.0 V is permitted once per cycle. 


DC ELECTRtCAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

lcci 

Operating Current ^ 

tRc = 70 ns 



70 

mA 

lcci 

Operating Current ^ 

tRc = 100 ns 



70 

mA 

ISB1 

Standby Current 

E>Vcc-0.2V 



40 

ma 

ISB2 

Standby Current 

E>Vih 



3 

mA 

Ili 

Input Leakage Current 

ViN = 0 V to Vec 

-1 


1 

ma 

Ilo 

I/O Leakage Current 

V|N = 0 V to Vec 

-1 


1 

ma 

VOH 

Output High Voltage 

loH = -1.0 mA 

2.4 



V 

VoL 

Output Low Voltage 

loL = 2.0 mA 



0.4 

V 

Vdr 

Data Retention Voltage 

E>Vcc-0.2V 

2 


5.5 

V 

Idr 

Data Retention Current 

VCC = 3V,E>Vcc-0.2V 


6 

20 

HA 


NOTE: 

1 . Ice is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 
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LH52B256 


CMOS 32K X 8 Static RAM 


AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

0.6 to 2.4 V 

Input Rise and Fall Times 

10 ns 

Input and Output Timing Ref. Levels 

1.5 V 

Output Load, Timing Tests 

Figure 3 


CAPACITANCE 


PARAMETER 

RATING 

CiN (Input Capacitance) 

7pF 

Cdq (I/O Capacitance) 

10 pF 


NOTES: 

1. Capacitances are maximum values at 25°C measured at 1.0 MHz 
with Vaas = 0 V and Vcc = 5.0 V. 

2 . Sample tested only. 

DATA RETENTION TIMING 

E must be held above the lesser of Vih or Vcc - 0.2 V 
to assure proper operation when Vcc < 4.5 V. E must be 
Vcc - 02 V or greater to meet Idr specification. All other 
inputs are ‘Don’t Care.’ 


+5V 


DQ PINS 



* INCLUDES JIG AND SCOPE CAPACITANCES 52B256LL-4 


Figure 4. Output Load Circuit 
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CMOS 32K X 8 Static RAM 


LH52B256 


AC ELECTRICAL CHARACTERISTICS VOver Operating Range) 


SYMBOL 

DESCRIPTION 

-70 

-10 

UNITS 

MIN 

MAX 

MIN 

MAX 

READ CYCLE 

tRC 

Read Cycle Time 

70 


100 


ns 

tAA 

Address Access Time 


70 


100 

ns 

tOH 

Output Hold from Address Change 

10 


10 


ns 

tEA 

E Low to Valid Data 


70 


100 

ns 

tELZ 

E Low to Output Active 

10 


5 


ns 

tEHZ 

E High to Output High-Z 

0 

35 

0 

45 

ns 

tGA 

G Low to Valid Data 


40 


60 

ns 

tCLZ 

G Low to Output Active 

5 


5 


ns 

tCHZ 

G High to Output High-Z 

0 

35 

0 

45 

ns 

WRITE CYCLE 

twc 

Write Cycle Time 

70 


100 


ns 

tEW 

E Low to End of Write 

60 


65 


ns 

tAW 

Address Valid to End of Write 

60 


90 


ns 

tAS 

Address Setup 

0 


0 


ns 

tWR 

Address Hold from End of Write 

0 


0 


ns 

twp 

W Pulse Width 

55 


65 


ns 

tow 

Input Data Setup Time 

30 


35 


ns 

tDH 

Input Data Hold Time 

0 


0 


ns 

tWHZ 

W Low to Output High-Z 

0 

40 

0 

45 

ns 

tWLZ 

W High to Output Active 

5 


5 


ns 


NOTES: 

1. AC Electrical Characteristics specified at ‘AC Test Conditions’ levels. 

2. Active output to High-Z and High-Z to output active tests specified for a ±200 mV transition from steady state levels into the test load. 

3. Sample tested only. 
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LH52B256 


CMOS 32K X 8 Static RAM 


TIMING DIAGRAMS - READ CYCLE 

Read Cycle No. 1 

Chip is in Read Mode: W is HIGH, E is LOW and G is 
LOW. Read Cycle tinning is referenced from when ail 
addresses are stable until the first address transition. 
Crosshatched portion of Data Out implies that data lines 
are in the Low-Z state but the data is not guaranteed to 
be valid until tAA. 


Read Cycle No. 2 

Chip is in Read Mode: W is HIGH. Timing illi^trated 
for the case when addresses are valid before E goes 
LOW. Data Out is not specified to be valid until tEA or tGA, 
but may become valid as soon as tELZ or toLZ. Outputs 
will transition directly from HIgh-Z to Valid Data Out. Valid 
Data will be present following toA only if tEA timing is met. 



tRC 


ADDRESS ^ 

^ VALID ADDRESS ^ 

/ 

\ _ 


tAA 


1 ■ 


°° xxxx 


( VALID DATA ) 

\ _ 

52625611-61 


Figure 6. Read Cycle No. 1 




E 


G 


DQ 


SUPPLY 

CURRENT 



ilA 


\_ 

_ ^GA 

^LZ 

tELZ 


^3 


/ 


/ 


tcHZ 


VALID DATA 




;- 1 


52B256LL-7 


Figure 7. Read Cycle No. 2 
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CMOS 32K X 8 Static RAM 


LH52B256 


TIMING DIAGRAMS ~ WRITE CYCLE 

Addresses must be stable during Wnte Cycles. The 
outputs will remain in the High-Z state if W is LOW when 
E goes LOW. If G is HIGH, the outputs will remain in the 
High^ state. Although these exampjes Illustrate timing 
with G active, it is recommended that G be held HIGH for 
all Write cycles. This will prevent the LH52B256LL’s 
outputs from becoming active, preventing bus contention, 
thereby reducing system noise. 


Write Cycie No. 1 (W Controlled) 

Chip is selected: E Is LOW, G is LOW. Using only W 
to control Write Cycles may not offer the best perform¬ 
ance since both twHZ and tow timing specifications must 
be met. 

Write Cycle No. 2 (E Controlled) 

G is LOW. DO lines may transition to Lov^Z if the falling 
edge of W occurs after the falling edge of E. 


Wc 




ADDRESS ^ 

^ VALID ADDRESS ^ 


tAW ^ 



*AS 

twp 



w 





1 twHZ 


^DW 

twLZ 

^DH 



_ 



— 

f 

\ _ 


DATA ON PREVIOUS OUTPUT HIGH-Z INPUT LOW-Z 

DO LINES 


52B256LL-8| 


Figure 8. Write Cycle No. 1 



DATA ON HIGH-Z LOW-Z HIGH-Z INPUT 

DO LINES 


52B256LL-9 


Figure 9. Write Cycle No. 2 
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LH52B256 


CMOS 32K X 8 Static RAM 


ORDERING INFORMATION 


LH52B256 X -## LL 

Device Type Package Speed Power 

I- Low-Low-power standby 

- [100 Access Time (ns) 

f D 28-pin, 300-mil DIP (DIP28-P-300) 

Blank 28-pin, 600-mil DIP (DIP28-P-600) 

- N 28-pin, 450-mil SOP (SOP28-P-450) 

T 28-pln. 8 X 13 mm^ TSOP Type I (TSOP28-P-0813) 

[tR 28-pln, 8x13 mm2 jsOP Type I (TSOP28-P-0813) 

Reverse bend pin 

- CMOS 32K X 8 Static RAM 

Example: LH52B256D-70LL (CMOS 32K x 8 Static RAM, Low-Low-power standby, 70 ns, 28-pin, 300-mil DIP) 

___52B256LL-10 
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CMOS 64K X 4 Static RAM 


LH52252A 


FEATURES 

• Fast Access Times: 25/35/45 ns 

• Low-Power Standby When Deselected 

• TTL Compatible I/O 

• 5 V± 10% Supply 

• Fully-Static Operation 

• Common I/O for Low Pin Count 

• JEDEC Standard Pinouts 

• Packages: 

24-Pin, 300-mil DIP 
24-Pin, 300-mil SOJ 

FUNCTIONAL DESCRIPTION 

The LH52252A is a high-speed 262,144 bit static RAM 
organized as 64K x 4. A fast, efficient design is obtained 
with a CMOS periphery and a matrix constructed with 
polysilicon load memory cells. 

_This RAM Is fully static in operatioji. The Chip Enable 
(E) reduces power to the chip when E is HIGH. Standby 
power (lsBi) drops to Its lowest level when E is raised to 
within 0.2 V of Vcc. 

Write cycles occur when both E and Write Enable (W) 
are LOW. Data Is transferred from the DO pins to the 
memory location specified by the 16 address lines. 


Read cycles occur when E is LOW and W Is HIGH. A 
Read cycle will_begln upon an addresMransition, on a 
falling edge of E, or on a rising edge of W. 

High-frequency design techniques should be em¬ 
ployed to obtain the best performance from this device. 
Solid, low-impedance power and ground planes, with 
high-frequency decoupling capacitors, are recom¬ 
mended. Series termination of the inputs should be con¬ 
sidered when transmission line effects occur. 


PIN CONNECTIONS 


24-PIN DIP 
24-PIN SOJ 





TOP VIEW 


Ao C 

1 • 

24 

^ Vcc 



Ai C 

2 

23 

^ Ai5 



Aj C 

3 

22 

□ Ai4 



As C 

4 

21 

^ Ai3 



A4II 

5 

20 

□ Ai2 



AsC 

6 

19 

□ All 



Ae Cl 

7 

18 

□ A^o 



A7 C 

8 

17 

□ DQ3 



As Cl 

9 

16 

□ DQ2 



AgC 

10 

15 

□ DQi 



E C 

11 

14 

□ DQo 



Vss L 

12 

13 

□ W 







52252A-1D 


Figure 1. Pin Connections for DIP and 
SOJ Packages 
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LH52252A 


CMOS 64K X 4 Static RAM 


DQo- 

DQi- 

DQg- 

DQa- 


4 


W- 


O 


o 


Ao 
Ai 
Ag 

A 3 
A 4 

AsH 

Ai4 
Ais 




if" 


MEMORY ARRAY 
(65,536x4) 


I/O CIRCUIT 

BLOCK 

COLUMN 

DECODE 

DECODE 

1 1 1 
Ae Ay Aq 

> _ 

0 

>_ 

>_ 

>_ 

u 










52252A-3 


Figure 2. LH52252A Block Diagram 


TRUTH TABLE 


1 

w 

MODE 

DO 

Icc 

H 

X 

Not Selected 

High-Z 

Standby 

L 

H 

Read 

Data Out 

Active 

L 

L 

Write 

Data In 

Active 


NOTE: 

X = Don’t Care, L = LOW, H = HIGH 


PIN DESCRIPTIONS 


PIN 

DESCRIPTION 

A0-A15 

Address Inputs 

DQo - DQ3 

Data Inputs/Outputs 

E 

Chip Enable input 

W 

Write Enable input 

Vcc 

Positive Power Supply 

Vss 

Ground 
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CMOS 64K X 4 Static RAM 


LH52252A 


ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Vcc to Vss Potential 

-0.5 V to 7 V 

Input Voltage Range 

-0.5VtoVcc+0.5V 

DC Output Current ^ 

±40 mA 

Storage Temperature Range 

-65°C to 150°C 

Power Dissipation (Package Limit) 

1.0W 


NOTES; 

1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the ‘Operating Range’ 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

OPERATING RANGES 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNIT 

Ta 

Temperature, Ambient 

0 


70 

OC 

Vcc 

Supply Voltage 

4.5 


5.5 

V 

Vss 

Supply Voltage 

0 


0 

V 

ViL 

Logic ‘0’ Input Voltage ^ 

-0.5 


0.8 

V 

ViH 

Logic ‘1 ’ Input Voltage 

2.2 


Vcc + 0.5 

V 


NOTE: 

1. Negative undershoot of up to 3.0 V is permitted once per cycle. 

DC ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYP^ 

MAX 

UNIT 

lcci 

Operating Current ^ 

Outputs open, tRc = 25 ns 


110 

150 

mA 

lcci 

Operating Current ^ 

Outputs open, tRc = 35 ns 


95 

120 

mA 

lcci 

Operating Current ^ 

Outputs open, tRc = 45 ns 


85 

100 

mA 

ISBI 

Standby Current 

E>Vcc-0.2V 


0.02 

1 

mA 

ISB2 

Standby Current 

E>Vih 


3 

5 

mA 

III 

Input Leakage Current 

ViN = 0 V to Vcc 

-2 


2 

mA 

Ilo 

I/O Leakage Current 

ViN = 0 V to Vcc 

-2 


2 

|iA 

VOH 

Output High Voltage 

lOH = -4.0 mA 

2.4 



V 

VoL 

Output Low Voltage 

loL = 8.0 mA 



0.4 

V 


NOTES: 

1. Typical values at Vcc = 5 V, Ta = 25°C. 

2. Ice is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 
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LH52252A 


CMOS 64K X 4 Static RAM 


AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

Vss to 3 V 

Input Rise and Fall Times 

5 ns 

Input and Output Timing Ref. Levels 

1.5 V 

Output Load, Timing Tests 

Figure 3 


CAPACITANCE 


PARAMETER 

RATING 

CiN (Input Capacitance) 

6pF 

Cdq (I/O Capacitance) 

8pF 


NOTES: 

1. Capacitances are maximum values at 25°C measured at 1.0 MHz 
with Vsias = 0 V and Vcc = 5.0 V. 

2. Sample tested only. 


DQ PINS 


+5V 



* INCLUDES JIG AND SCOPE CAPACITANCES 


52252A-2 


Figure 3. Output Load Circuit 


AC ELECTRICAL CHARACTERISTICS ' (Over Operating Range) 


SYMBOL 

DESCRIPTION 

-25 

-35 

-45 

UNITS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

READ CYCLE 

tRC 

Read Cycle Timing 

25 


35 


45 


ns 

tAA 

Address Access Time 


25 


35 


45 

ns 

tOH 

Output Hold from Address Change 

3 


3 


3 


ns 

tEA 

E Low to Valid Data 


25 


35 


45 

ns 

tELZ 

E Low to Output Active ^ 

5 


5 


5 


ns 

tEHZ 

E High to Output High-Z 


12 


15 


20 

ns 

tpu 

E Low to Power Up Time ^ 

0 


0 


0 


ns 

tPD 

E High to Power Down Time ^ 


30 


35 


40 

ns 

WRITE CYCLE 

twc 

Write Cycle Time 

25 


35 


45 


ns 

tEW 

E Low to End of Write 

20 


30 


35 


ns 

tAW 

Address Valid to End of Write 

20 


30 


35 


ns 

tAS 

Address Setup 

0 


0 


0 


ns 

Uh 

Address Hold from End of Write 

0 


0 


0 


ns 

tWP 

W Pulse Width 

20 


25 


35 


ns 

tDW 

Input Data Setup Time 

12 


15 


20 


ns 

tDH 

Input Data Hold Time 

0 


0 


0 


ns 

tWHZ 

W Low to Output High-Z 


8 


10 


15 

ns 

tWLZ 

W High to Output Active ^ 

0 


0 


0 


ns 


NOTES: 

1. AC Electrical Characteristics specified at ‘AC Test Conditions’ levels. 

2. Active output to High-Z and High-Z to output active tests specified for a ±200 mV transition from steady state levels into the test load. 

3. Sample tested only. 

4. Guaranteed but not tested. 
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CMOS 64K X 4 Static RAM 


LH52252A 


TIMING DIAGRAMS - READ CYCLE 

Read Cycle No. 1 

Chip is in Read Mode: W is HIGH, and E is LOW. Read 
cycle timing is referenced from when all addresses are 
stable until the first address transition. Crosshatched 
portion of DO implies that data lines are in the Low-Z state 
and the data may not be valid. 



Figure 4. Read Cycle No. 1 


Read Cycle No. 2 

Chip is in Read Mode: W is HIGH. Timing illustrated 
for the case when addresses are valid while E goes LOW. 
Data Out is not specified to be valid until tEA, but may 
become valid as soon as tELZ. Outputs will transition from 
High-Z to Valid Data Out. 



Figure 5. Read Cycle No. 2 
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LH52252A 


CMOS 64K X 4 Static RAM 


TIMING DIAGRAMS - WRITE CYCLE 

Addresses must be stable during Write cycles. E or W 
must be high during addre^transitions. The outputs will 
remain in the High-Z state if W is LOW when E goes LOW. 
Care should be taken so that the output drivers are 
disabled prior to placing the input Data on the DO lines. 
This will prevent bus contention, reducing system noise. 


Write Cycie No. 1 (W Controiied) 

Chip is selected: E is LOW. Using only W to control 
Write cycles may not offer the best device performance, 
since both twHZ and tow timing specifications must be 
met. 

Write Cycie No. 2 (E Controiied) 

_ DO lines may transition to Low-^ if the falling edge of 
W occurs after the falling edge of E. 



Vc 




ADDRESS ^ 

^ VALID ADDRESS ^ 


Vw 

.Vh 


Vs 


W 




W 


V/HZ 


DQ 


_Jdw 




Jdh 


M H 


DATA ON PREVIOUS OUTPUT HIGH-Z INPUT 

DQ LINES 


52252A-6I 


Figure 6. Write Cycie No. 1 



DATA ON 

HIGH-Z 

OUTPUT 

INPUT 

DQ LINES 


(IF ANY) 



52252A-7i 


Figure 7. Write Cycle No. 2 
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CMOS 64K X 4 Static RAM 


LH52252A 


ORDERING INFORMATION 


LH52 

Devici 

252A 

3 Type Pac 

K -## 

kage Speed 

1 [25 

'-< 35 Access Time (ns) 

145 

f D 24-Din, 300-mil DIP (DIP24-P-300) 

Ik 24-pln, 300-mll SOJ (SOJ24-P-300) 

Example: LH52252AD-35 (CMOS 64K x 4 Static RAM, 35 ns, 24-pin, 300-mil DIP) 

52252AMD 
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LH52253 


CMOS 64K X 4 Static RAM 


FEATURES 

• Fast Access Times: 20/25/35 ns 

• Low-Power Standby when Deselected 

• TTL Compatible I/O 

• 5V± 10% Supply 

• Fully-Static Operation 

• Common I/O for Low Pin Count 

• JEDEC Standard Pinouts 

• Packages: 

28-Pin, 300-mil DIP 
28-Pin, 300-mil SOJ 

FUNCTIONAL DESCRIPTION 

The LH52253 is a very high-speed 256K-bit static RAM 
organized as 64K x_4. This RAM is fully static in operation. 
The Chip Enable (E) reduces power to the chipwhen E 
is inactive (HIGH). The combination of E and W control 
the mode of operation of the LH52253. 

Write cycles occur when both E and Write Enable (W) 
are LOW. Data is transferred from the DQ pins to the 
memory location specified by the 16 address lines. 

When E Is LOW and W Is HIGH, a static read of the 
memory location specified by the address lines will occur. 
Since the device is fully static in operation, new read 
cycles can be performed by simply changing the address. 
An Automatic Power Down feature reduces the current 
consumption when Read and Write cycles extend beyond 
their minimum cycle times. 


The LH52253 offers an Output Enable (G) for use In 
managing the Data Bus. Bus contention_during Write 
cycles may be easily avoided by using the G Input In the 
LH52253. 

High-frequency design techniques should be em¬ 
ployed to obtain the best performance from these de¬ 
vices. Solid, low-impedance power and ground planes, 
with high-frequency decoupling capacitors, are recom¬ 
mended. Series termination of the Inputs should be con¬ 
sidered when transmission line effects occur. 

PIN CONNECTIONS 


28-PIN DIP TOP VIEW 

28-PIN SOJ _ 


NCC 

1« 

28 

C Vcc 

AeC 

2 

27 

□ As 

ArC 

3 

26 

□ A4 

A0 C 

4 

25 

I] A3 

A9II 

5 

24 

Z] A2 

A10C 

6 

23 

□ A, 

A11E 

7 

22 

□ Ao 

A12IZ 

8 

21 

□ NO 

A13CI 

9 

20 

□ no 

AuE 

10 

19 

□ DQ3 

A15E 

11 

18 

□ DQ2 

EC 

12 

17 

□ DQi 

GC 

13 

16 

□ DQo 

VssC 

14 

15 

□ W 


52253-ID 


Figure 1. Pin Connections for DIP and 
SOJ Packages 
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CMOS 64K X 4 Static RAM 


LH52253 



Figure 2. LH52253 Biock Diagram 

TRUTH TABLE PIN DESCRIPTIONS 
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LH52253 


CMOS 64K X 4 Static RAM 


ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Vcc to Vss Potential 

-0.5Vto7V 

Input Voltage Range 

-0.5 V to Vcc + 0.5 V 

DC Output Current ^ 

±40mA 

Storage Temperature Range 

-65°Cto150“C 

Power Dissipatbn (Package Limit) 

1.0W 


NOTES: 

1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Function operation of the device at these or any other conditions above those indicated in the ‘Operating Range’ of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

OPERATING RANGES 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNIT 

Ta 

Temperature, Ambient 

0 


70 

OC 

Vcc 

Supply Voltage 

4.5 


5.5 

V 

Vss 

Supply Voltage 

0 


0 

V 

ViL 

Logic ‘0’ Input Voltage ^ 

-0.5 


0.8 

V 

ViH 

Logic‘T Input Voltage 

2.2 


Vcc + 0.5 

V 


NOTE: 

1. Negative undershoot of up to 3.0 V is permitted once per cycle. 

DC ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYP’ 

MAX 

UNIT 

lcci 

Operating Current ^ 

Outputs open, tcYCLE = 20 ns 

G = ViH, CE = ViL, WE = ViL or Vih 


70 

145 

mA 

lcci 

Operating Current ^ 

Outputs open, tcYCLE = 25 ns 

G = Vih, CE = Vil, WE = Vil or Vih 


60 

135 

mA 

lcci 

Operating Current ^ 

Outputs open, tRc = 35 ns 

G = Vih, CE = Vil, WE = Vil or Vih 


50 

135 

mA 

ISBI 

Standby Current 

E>Vcc-0.2V 


0.005 

1 

mA 

ISB2 

Standby Current 

E > Vih min 


5 

10 

mA 

Ili 

Input Leakage Current 

Vcc = 5.5V,ViN = 0VtoVcc 

-2 


2 

|iA 

Ilo 

I/O Leakage Current 

Vcc = 5.5 V, ViN = 0 V to Vcc 

-2 


2 

HA 

VoH 

Output High Voltage 

loH = -4.0 mA 

2.4 



V 

VoL 

Output Low Voltage 

loL = 8.0 mA 



0.4 

V 


NOTES: 

1. Typical values at Vcc = 5 V, Ta = 25°C. 

2. Ice is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 
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CMOS 64K X 4 Static RAM 


LH52253 


AC TEST CONDITIONS 


NOTES: 

1. Capacitances are maximum values at 25°C measured at 1.0 MHz 
with VBias = 0 V and Vcc = 5.0 V. 

2. Guaranteed but not tested. 


AC ELECTRICAL CHARACTERISTICS ^ (Over Operating Range) 


SYMBOL 

DESCRIPTION 

-20 

-25 

-35 

UNITS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

READ CYCLE 

tRC 

Read Cycle Timing 

20 


25 


35 


ns 

tAA 

Address Access Time 


20 


25 


35 

ns 

tOH 

Output Hold From Address Change 

3 


3 


3 


ns 

tEA 

E Low to Valid Data 


20 


25 


35 

ns 

tELZ 

E Low to Output Active 

4 


4 


4 


ns 

tEHZ 

E High to Output High-Z 


10 


10 


12 

ns 

tGA 

G Low to Valid Data 


10 


12 


15 

ns 

tGLZ 

G Low to Output Active 

0 


0 


0 


ns 

tGHZ 

G High to Output High-Z 

0 

9 

0 

10 

0 

12 

ns 

tpu 

E Low to Power Up Time ^ 

0 


0 


0 


ns 

tPD 

E High to Power Down Time ^ 


25 


30 


35 

ns 

WRITE CYCLE 

twc 

Write Cycle Time 

20 


25 


35 


ns 

tEW 

E Low to End of Write 

15 


20 


25 


ns 

tAW 

Address Valid to End of Write 

15 


20 


25 


ns 

tAS 

Address Setup 

0 


0 


0 


ns 

Uh 

Address Hold From End of Write 

0 


0 


0 


ns 

twp 

W Pulse Width 

12 


15 


20 


ns 

tDW 

Input Data Setup Time 

10 


10 


12 


ns 

tDH 

Input Data Hold Time 

0 


0 


0 


ns 

tWLZ 

W High to Output Active 

4 


4 


4 


ns 

tWHZ 

W Low to Output High-Z 


7 


8 


10 

ns 


NOTES: 

1. AC Electrical Characteristics specified at ‘AC Test Conditions’ levels. 

2. Active output to High-Z and HIgh-Z to output active tests specified for a ±500 mV transition from steady state levels into the test load. 
Cload = 5 pF. 

3. Guaranteed but not tested. 


PARAMETER 

RATING 

Input Pulse Levels 

Vsst0 3V 

Input Rise and Fall Times 

5 ns 

Input and Output Timing Ref. Levels 

1.5V 

Output Load, Timing Tests 

Figure 3 


CAPACITANCE 


PARAMETER 

RATING 

CiN (Input Capacitance) 

8pF 

Cdq (Input/Output Capacitance) 

8pF 


DQ PINS 



‘ INCLUDES JIG AND SCOPE CAPACITANCES 


Figure 3. Output Load Circuit 


SHARR 


3-111 








LH52253 


CMOS 64K X 4 Static RAM 


TIMING DIAGRAMS - READ CYCLE 

Read Cycle No. 1 

Chip is in Read Mode: W is HIGH, E and G are LOW. 
Read cycle timing is referenced from when all addresses 
are stable until the first address transition. Crosshatched 
portion of DQ implies that data lines are in the Low-Z state 
and the data may not be valid. 


Read Cycle No. 2 

Chip is in the Read Mode: W is HIGH. Tlm[ng illustrated 
for the case when addresses are valid when E goes LOW. 
Data Out Is not specified to be valid until tEA, but may 
become valid as soon as tELZ. Valid Data will be present 
following tGA only if tEA timing has been met. 



tfiC 


ADDRESS ^ 

^ VALID ADDRESS ^ 

(_ 







™v>b4(XXXXXX) 

^ VALID DATA ^ 

f 

\ _ 


52253-4 


Figure 4. Read Cycle No. 1 



52253-51 


Figure 5. Read Cycle No. 2 
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CMOS 64K X 4 Static RAM 


LH52253 


TIMING DIAGRAMS - WRITE CYCLE 

Addresses must be stable during Write cycles. E or W 
must be HIGH during addre^ transitions. The outputs will 
remain in the High-Z state if W is LOW when E goes LOW. 
Care should be taken so that the output drivers are 
disabled prior to placing the Input Data on the DO lines. 
This will prevent bus contention,Reducing system noise. 
These timing diagrams assume G is LOW, but it should 
be kept HIGH during Write cycles to insure that the output 
drivers are disabled. 


Write Cycle No. 1 (W Controlled) 

Chip is selected: E and G are LOW. Using only W to 
control Write cycles may not offer the best device per¬ 
formance, since both twHZ and tow timing specifications 
must be met. 

Write Cycle No. 2 (E Controlled) 

_ DO lines may transition to Low-Z if the falling edge of 
W occurs after the falling edge of E. 



Figure 6. Write Cycle No. 1 



Figure 7. Write Cycle No. 2 
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LH52253 


CMOS 64K X 4 Static RAM 
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LH52258A 


CMOS 32K X 8 Static RAM 


FEATURES 

• Fast Access Times: 20/25 ns 

• Low-Power Standby when Deselected 

• TTL Compatible I/O 

• 5 V± 10% Supply 

• Fully-Static Operation 

• JEDEC Standard Pinout 

• Packages: 

28-Pin, 300-mil DIP 
28-Pin, 300-mil SOJ 

FUNCTIONAL DESCRIPTION 

The LH52258A Is a high-speed 262,144 bit static RAM 
organized as 32K x 8. A fast, efficient design is obtained 
with a CMOS periphery and a matrix constructed with 
polysilicon load memory cells. 

_ This RAM Is fully static in operation. The Chip Enable 
(E) control permits Read and Write operations when 
active (LOW) or places the RAM in a low-power standby 
mode when inactiv^(HIGH). Standby power (Isbi) drops 
to its lowest level if E is raised to within 0.2 V of Vcc. 

Write cyclesjDCCur when both Chip Enable (E) and 
Write Enable (W) are LOW. Data is transferred from the 
DO pins to the memory location specified by the 15 
addressjines. The proper use of the Output Enable 
control (G) can prevent bus contention. 


When E is LOW and W is HIGH, a static Read will 
occur £t the memory location specified by the address 
lines. G must be brought LOW to enable the outputs. 
Since the device is fully static In operation, new Read 
cycles can be performed by simply changing the address. 

High-frequency design techniques should be em¬ 
ployed to obtain the best performance from this device. 
Solid, low-impedance power and ground planes, with 
high-frequency decoupling capacitors, are recom¬ 
mended. Series termination of the inputs should be con¬ 
sidered when transmission line effects occur. 


PIN CONNECTIONS 



Figure 1. Pin Connections for DIP and 
SOJ Packages 
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LH52258A 


CMOS 32K X 8 Static RAM 



Figure 2. LH52258A Biock Diagram 


TRUTH TABLE PiN DESCRIPTIONS 
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CMOS 32K X 8 Static RAM 


LH52258A 


ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Vcc to Vss Potential 

-0.5Vto7V 

Input Voltage Range 

-0.5 V to Vcc + 0.5 V 

DC Output Current ^ 

±40 mA 

Storage Temperature Range 

-65°to150°C 

Power Dissipation (Package Limit) 

1.0W 


NOTES: 

1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the ‘Operating Range’ 
section of this specification is not inplied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

OPERATING RANGES 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNIT 

Ta 

Temperature, Ambient 

0 


70 

‘'C 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

Vss 

Supply Voltage 

0 

0 

0 

V 

ViL 

Logic ‘0’ Input Voltage ^ 

-0.5 


0.8 

V 

ViH 

Logic‘T Input Voltage 

2.2 


Vcc + 0.5 

V 


NOTE: 

1. Negative undershoot of up to 3.0 V is permitted once per cycle. 

DC ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYP^ 

MAX 

uNrr 

lcci 

Operating Current ^ 

tRc = 20 ns 

G > ViH, E < ViL, lour = 0 mA, 
tCYCLE = 20 ns 


95 

150 

mA 

lcci 

Operating Current ^ 

tRc = 25 ns 

G > ViH, E < ViL, lour = 0 mA, 
tCYCLE = 25 ns 


90 

140 

mA 

iSB1 

Standby Current 

E>Vcc-0.2V 


0.005 

1 

mA 

ISB2 

Standby Current 

E>Vih 


6 

15 

mA 

Ili 

Input Leakage Current 

Vcc = 5.5V,ViN = 0VtoVcc 

-2 


2 

pA 

Ilo 

I/O Leakage Current 

Vcc = 5.5 V, ViN = 0 V to Vcc 

-2 


2 

pA 

VOH 

Output High Voltage 

loH = ”4.0 mA 

2.4 



V 

VoL 

Output Low Voltage 

loL = 8.0 m A 



0.4 

V 

Vdr 

Data Retention Voltage 

E> Vcc-0.2 V 

2 


5.5 

V 

Idr 

Data Retention Current 

Vcc = 3V, E>Vcc-0.2V 



250 

HA 


NOTES: 

1. Typical values at Vcc = 5 V, Ta = 25°C. 

2. Ice is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 
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LH52258A 


CMOS 32K X 8 Static RAM 


AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

Vss to 3 V 

Input Rise and Fall Times 

3 ns 

Input and Output Timing Ref. Levels 

1.5V 

Output Load, Timing Tests 

Figure 3 


CAPACITANCE 


PARAMETER 

RATING 

CiN (Input Capacitance) 

7pF 

Cdq (I/O Capacitance) 

8pF 


NOTES: 

1. Capacitances are maximum values at 25°C measured at 1.0 MHz 
with Vffias = 0 V and Vcc = 5.0 V. 

2. Guaranteed but not tested. 


+5V 

I 


480 G < 

> 


DQ PINS -< 



255 G < 
< 

> _ 

L 1 

ZISOpF* 

* INCLUDES JIG AND SCOPE C/ 

^PACITANCES 52258A-3 


Figure 3. Output Load Circuit 


DATA RETENTION TIMING 

E must be held above the lesser of Vih or Vcc -0.2 V 
to prevent improper operation when Vcc < 4.5 V. E must 
be Vcc - 0.2 V or greater to meet Idr specification. All 
other inputs are ‘Don’t Care.’ 
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CMOS 32K X 8 Static RAM 


LH52258A 


AC ELECTRICAL CHARACTERISTICS ^ (Over Operating Range) 


SYMBOL 

DESCRIPTION 

-20 

-25 

UNITS 

MIN 

MAX 

MIN 

MAX 

READ CYCLE 

tRC 

Read Cycle Time 

20 


25 


ns 

tAA 

Address Access Time 


20 


25 

ns 

tOH 

Output Hold from Address Change 

4 


4 


ns 

tEA 

E Low to Valid Data 


20 


25 

ns 

tELZ 

E Low to Output Active 

4 


4 


ns 

tEHZ 

E High to Output High-Z 

0 

10 

0 

12 

ns 

tGA 

G Low to Valid Data 


10 


12 

ns 

tGLZ 

G Low to Output Active 

0 


0 


ns 

tGHZ 

G High to Output High-Z 

0 

9 

0 

10 

ns 

tpu 

E Low to Power Up Time ^ 

0 


0 


ns 

tPD 

E High to Power Down Time ^ 


25 


30 

ns 

WRITE CYCLE 

twc 

Write Cycle Time 

20 


25 


ns 

tEW 

E Low to End of Write 

15 


20 


ns 

tAW 

Address Valid to End of Write 

15 


20 


ns 

tAS 

Address Setup 

0 


0 


ns 

tAH 

Address Hold from End of Write 

0 


0 


ns 

IWP 

W Pulse Width 

12 


15 


ns 

tow 

Input Data Setup Time 

10 


12 


ns 

tOH 

Input Data Hold Time 

0 


0 


ns 

tWHZ 

W Low to Output High-Z 


8 


10 

ns 

tWLZ 

W High to Output Active 

0 


0 


ns 


NOTES: 

1. AC Electrical Characteristics specified at ‘AC Test Conditions’ levels. 

2. Active output to High-Z and High-Z to output active tests specified for a ±500 mV transition from steady state levels into the test load. The test 
load has 5 pF capacitances. 

3. Guaranteed by design but not tested. 
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LH52258A 


CMOS 32K X 8 Static RAM 


TIMING DIAGRAMS - READ CYCLE 

Read Cycle No. 1 

Chip Is in Read Mode: W Is HIGH, E is LOW and G is 
LOW. Read cycle timing Is referenced from when ail 
addresses are stable until the first address transition. 
Crosshatched portion of Data Out implies that data lines 
are in the Low-Z state but the data is not guaranteed to 
be valid until tAA. 


Read Cycle No. 2 

Chip is in Read Mode: W Is HIGH. Timing illustrated 
for the case when addresses are valid before E goes 
LOW. Data Out is not specified to be valid until tEA or tGA, 
but may become valid as soon as tELZ or tGLZ. Outputs 
will transition from High-Z to Valid Data Out. Valid data will 
be present following tGA only if tEA timing is met. 



tRC 


ADDRESS ^ 

^ VALID ADDRESS ^ 

( _ 


tAA 


toH 


°° xxxx 

>^H'>?>°4(XXXXXX) 

^ VALID DATA ^ 

f 

\ _ 


52258 A -5 


Figure 5. Read Cycle No. 1 


E 


G 


DQ 


SUPPLY 

CURRENT 





Jea 


\ 


I ^ ^LZ 

tELZ 




tpu 


tpD 

tEHZ 

r 


VALID DATA 







52258A-6 


Figure 6. Read Cycle No. 2 
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CMOS 32K X 8 Static RAM 


LH52258A 


TIMING DIAGRAMS - WRITE CYCLE Write Cycie No. 1 (W Controited) _ 

Addresses must be stable during Write cycles. The selected: E Is LOW, G is LOW. Using only W 

outputs will remain In the High-Z state If W is LOW when control Write cycles may not offer the best performance 
E goes LOW. If G is HIGH, the outputs will remain in the since both twHZ and tow timing specifications must be 
High-Z state. Although these examples illustrate timing 

with G active, it is recommended that G be held HIGH for ^ 2 (E Controlied) 

all Write cycles. This will prevent the LH52258A’s outputs 

from becoming active, preventing bus contention, thereby ^'s LOW. DO lines may transition to Lov^Z if the falling 
reducing system noise. W occurs after the falling edge of E. 



Figure 7. Write Cycle No. 1 



Figure 8. Write Cycle No. 2 
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LH52258A 


CMOS 32K X 8 Static RAM 
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LH521002 


CMOS 256K X 4 Static RAM 


FEATURES 

• Fast Access Times: 20/25/35 ns 

• JEDEC Standard Pinouts 

• Low Power Standby when Deselected 

• TTL Compatible I/O 

• 5 V ±10% Supply 

• Fully Static Operation 

• Common I/O for Low Pin Count 

• Package: 28-Pin, 400-mil SOJ 

FUNCTIONAL DESCRIPTION 

The LH521002 is a high-speed IM-bit static RAM 
organized as 256K x 4. A fast, efficient design is obtained 
with a CMOS periphery and a matrix constructed with 
polysilicon load memory cells. 

_ This RAM is fully static in operation. The Chip Enable 
(E) reduces power to the chip when E is HIGH. Standby 
power drops to its lowest level (Isbi) when E is raised to 
within 0.2 V of Vcc. 

Write cycles occur when both (E) and Write Enable (W) 
are LOW. Data is transferred from the DO pins to the 
memory location specified by the 18 address lines. 


Read cycles occur when E is LOW and W is HIGH. A 
Read cycle will_begin upon an addressjransition, on a 
falling edge of E, or on a rising edge of W. 

High-frequency design techniques should be em¬ 
ployed to obtain the best performance from this device. 
Solid, low-impedance power and ground planes, with 
high-frequency decoupling capacitors, are desirable. 
Series termination of the inputs should be considered 
when transmission line effects occur. 

PIN CONNECTIONS 


28-PIN SOJ 




TOP VIEW 

Aq C 

1 • 

28 

JIL 


Ai C 

2 

27 

□ Ai7 


A2 C 

3 

26 

E Aie 


A3 C 

4 

25 

□ A^5 


A4 C 

5 

24 

E Ai4 


As C 

6 

23 

E Ai3 


Ag Cl 

7 

22 

E Ai2 


A7 c 

8 

21 

E A^i 


Ae C 

9 

20 

□ NC 


AgC 

10 

19 

E DQ3 


A10 E 

11 

18 

E DQ2 


E E 

12 

17 

E DQi 


G E 

13 

16 

E DQo 


Vss E 

14 

15 

□ w 






521002-ID 


Figure 1. Pin Connections for SOJ Package 
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LH521002 


CMOS 256KX4SRAM 



Figure 2. LH521002 Block Diagram 


TRUTH TABLE PIN DESCRIPTIONS 



G Output Enable 

Vcc Positive Power Supply 


Vss Ground 
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CMOS 256KX4SRAM 


LH521002 


ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Vcc to Vss Potential 

-0.5Vto7V 

Input Voltage Range 

-0.5 V to Vcc + 0.5 V 

DC Output Current ^ 

±40mA 

Storage Temperature Range 

-65°Cto150“C 

Power Dissipation (Package Limit) 

1.0W 


NOTES: 


1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the ‘Operating Range’ of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

OPERATING RANGES 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNIT 

Ta 

Temperature, Ambient 

0 


70 

°C 

Vcc 

Supply Voltage 

4.5 


5.5 

V 

Vss 

Supply Voltage 

0 


0 

V 

ViL 

Logic *0’ Input Voltage ^ 

-0.5 


0.8 

V 

ViH 

Logic‘T Input Voltage 

2.2 


Vcc + 0.5 

V 


NOTE: 

1. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

DC ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

lcci 

Operating Current ^ 

tCYCLE = 20 ns 

E = Vil,W = Vil orViH 



180 

mA 

lcci 

Operating Current ^ 

tcYCLE = 25 ns 

E = Vil, W = ViL orViH 



180 

mA 

lcci 

Operating Current ^ 

tcYCLE = 35 ns 

E = Vil,W = Vil orViH 



150 

mA 

ISB1 

Standby Current 

E> Vcc “0.2 V 


0.4 

2 

mA 

ISB2 

Standby Current 

E>Vih 



20 

mA 

Ili 

Input Leakage Current 

ViN = 0 V to Vcc 

-2 


2 

HA 

Ilo 

I/O Leakage Current 

V|N = 0 V to Vcc 

-2 


2 

[lA 

VOH 

Output High Voltage 

lOH = -4.0 mA 

2.4 



V 

VoL 

Output Low Voltage 

loL = 8.0 mA 



0.4 

V 

Vdr 

Data Retention Voltage 

E>VcC“0.2V 

2 


5.5 

V 

Idr 

Data Retention Current 

Vcc = 3V,E>Vcc “0.2 V 



500 

pA 


NOTE: 

1. Icc is dependent upon output loading and cycle rates. Specified values are with outputs open. 
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LH521002 


CMOS256KX4SRAM 


AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

Vssto3V 

Input Rise and Fall Times 

5 ns 

Input and Output Timing Ref. Levels 

1.5 V 

Output Load, Timing Tests 

Figure 3 


CAPACITANCE 


PARAMETER 

RATING 

CiN (Input Capacitance) 

6 pF 

Cdq (I/O Capacitance) 

8pF 


NOTES: 

1. Capacitances are maximum values at 25°C measured at 1.0 MHz 
with Vsas = 0 V and Vcc = 5.0 V. 

2. This parameter is sampled and not production tested. 


+5V 


DQ PINS 



INCLUDES JIG AND SCOPE CAPACITANCES 


Figure 3. Output Load Circuit 


DATA RETENTION TIMING 

E must be held above the lesser of Vih or Vcc -0.2 V 
to prevent improper operation when Vcc < 4.5 V. E must 
be Vcc - 0.2 V or greater to meet Idr specification. All 
other inputs are ‘Don’t Care.’ 
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CMOS 256KX4SRAM 


LH521002 


AC ELECTRICAL CHARACTERISTICS ® (Over Operating Range) 


SYMBOL 

DESCRIPTION 

-20 

-25 

-35 

UNITS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

READ CYCLE 

tRC 

Read Cycle Timing 

20 


25 


35 


ns 

tAA 

Address Access Time 


20 


25 


35 

ns 

tOH 

Output Hold from Address Change 

3 


3 


3 


ns 

tEA 

E Low to Valid Data 


20 


25 


35 

ns 

tELZ 

E Low to Output Active 

3 


3 


3 


ns 

tEHZ 

1 High to Output High-Z^'® 


10 


12 


20 

ns 

tGA 

G Low to Valid Data 


8 


10 


20 

ns 

tGLZ 

G Low to Output Active 

0 


0 


0 


ns 

tGHZ 

G High to Output High-Z 


8 


10 


20 

ns 

tpu 

E Low to Power Up Time ® 

0 


0 


0 


ns 

tPD 

E High to Power Down Time ® 


20 


25 


35 

ns 

WRITE CYCLE 

twc 

Write Cycle Time 

20 


25 


35 


ns 

tEW 

1 Low to End of Write 

15 


20 


30 


ns 

tAW 

Address Valid to End of Write 

15 


20 


30 


ns 

tAS 

Address Setup 

0 


0 


0 


ns 

tAH 

Address Hold From End of Write 

0 


0 


0 


ns 

tWP 

W Pulse Width 

15 


20 


25 


ns 

tow 

Input Data Setup Time 

12 


15 


15 


ns 

tOH 

Input Data Hold Time 

0 


0 


0 



tWHZ 

W Low to Output High-Z 


8 


10 


15 

ns 

tWLZ 

W High to Output Active 

3 


3 


3 


ns 


NOTES: 

1. AC Electrical Characteristics specified at ‘AC Test Conditions’ levels. 

2. Active output to High-Z and High-Z to output active tests specified for a ±500 mV transition from steady state levels into the test load. 
CLoad = 5 pF. 

3. This parameter is sampled and not production tested. 
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LH521002 


CMOS 256KX4SRAM 


Read Cycle No. 2 

Chip is in Read Mode: W is HIGH. Timing illustrated 
for the case when addresses are valid while E goes LOW. 
Data Out is not specified to be valid until tEA, but may 
become valid as soon as tELZ. Outputs will transition from 
High-Z to Valid Data Out. Data Out is valid after both tEA 
and tGA are met. 
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CMOS 256KX4SRAM 


LH521002 


TIMING DIAGRAMS - WRITE CYCLE 

Addresses must be stable during Write cycles. E or W 
must be HIGH during addre^transitions. The outputs will 
remain in the High-Z state if W is LOW when E goes LOW. 
Care should be taken so that the output drivers are 
disabled prior to placing the Input Data on the DO lines. 
This will prevent bus contention, reducing system noise. 


Write Cycle No. 1 (W Controlled) 

Chip Is selected: E and G are LOW. Using only W to 
control Write cycles may not offer the best device per¬ 
formance, since both twHZ and tow timing specifications 
must be met. 

Write Cycle No. 2 (E Controlled) 

G is LOW. DO lines may transition to Low-Z if the falling 
edge of W occurs after the falling edge of E. 



Figure 7. Write Cycle No. 1 



Figure 8. Write Cycle No. 2 
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LH521002 


CMOS 256KX4SRAM 
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LH521007A 


CMOS 128K X 8 Static RAM 


FEATURES 

• Fast Access Times: 20/25/35 ns 

• Two Chip Enable Controls 

• Low-Power Standby When Deselected 

• TTL Compatible I/O 

• 5 V ±10% Supply 

• Fully-Static Operation 

• 2 V Data Retention 

• Package: 32-Pln, 400-mil SOJ 

FUNCTIONAL DESCRIPTION 

The LH521007A is a high-speed 1,048,576-bit static 
RAM organized as 128K x 8. A fast, efficient design is 
obtained with a CMOS periphery and a matrix con¬ 
structed with polysilicon load memory cells. 

_ This RAM is fully static in operation. The Chip Enables 
(Ei, E 2 ) permit Read and Write operations when active 
(El = LOW and E 2 = HIGH) or place the RAM in a 
low-power standby mode when inactive (Ei = HIGH or 
E 2 = LOW). Standby power drops to its lowest level when 
all inputs are stable and are at CMOS levels, while the 
chip Is In standby mode. 

Write cycles occur when both Chip Enables and Write 
Enable are active. Data is transferred from the DO pins 
to the memory location specified by the 17 address^lines. 
The proper use of the Output Enable control (G) can 
prevent bus contention. 


When both Chip Enables are active and W Is inactive, 
a static Read will occi^at the memory location specified 
by the address lines. G must be brought LOW to enable 
the outputs. Since the device is fully static in operation, 
new Read cycles can be performed by simply changing 
the address. 

High-frequency design techniques should be em¬ 
ployed to obtain the best performance from this device. 
Solid, low-impedance power and ground planes, with 
high-frequency decoupling capacitors, are recom¬ 
mended. Series termination of the inputs should be con¬ 
sidered when transmission line effects occur. 

PIN CONNECTIONS 


32-PIN SOJ 




TOP VIEW 

NC C 


32 

□ Vco 


Ai6 [I 

2 

31 

d Ai5 


Ai4 C 

3 

30 

□ E 2 


Ai2 L 

4 

29 

□ w 


A 7 c 

5 

28 

U Ai3 


Ae C 

6 

27 

I] Ag 


AsC 

7 

26 

H Ag 


A 4 c 

8 

25 

11 A^i 


A 3 c 

9 

24 

□ G 


A2 c 

10 

23 

d A 10 


Aid 

11 

22 

□ E, 


Aq d 

12 

21 

□ DOg 


DQi d 

13 

20 

□ DQ7 


DQ2 d 

14 

19 

□ DQg 


DQ3 d 

15 

18 

□ DQg 


Vss d 

16 

17 

□ DQ4 






521007A-1D 


Figure 1. Pin Connections for SOJ Package 
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LH521007A 


CMOS 128K X 8 Static RAM 



A? 

Q 

0 

A 2 

111 

Q 

A 3 — 

1 

A 4 - 

OC 

Ai — 


Aq — 



MEMORY ARRAY 
(131,072 x 8) 



DQ^-DOg ' 


BLOCK 

DECODE 


COLUMN 

DECODE 


As A^i Ai2 Ai3 Ai4 A^s Ai( 


Figure 2. LH521007A Block Diagram 


TRUTH TABLE 


PIN DESCRIPTIONS 


El 

E 2 

G 

w 

MODE 

DO 

Icc 


H 

X 

X 

X 

Standby 

High-Z 

Stan 

dby 

X 

L 

X 

X 

Standby 

High-Z 

Stan 

dby 

L 

H 

H 

H 

Read 

High-Z 

Activ 

e 

L 

H 

L 

H 

Read 

Data 

Out 

Activ 

e 

L 

H 

X 

L 

Write 

Data in 

Activ 

e 


NOTE: 

X = Don’t Care, L = LOW, H = HIGH 


PIN 

DESCRIPT 

ON 

A 0 -A 16 

Address Inputs 


DQi - DQs 

Data Inputs/Outputs 


Ei,E2 

Chip Enable input 


G 

Output Enable input 


W 

Write Enable input 


Vcc 

Positive Power Supp 

ly 

Vss 

Ground 
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CMOS 128K X 8 Static RAM 


LH521007A 


ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Vcc to Vss Potential 

~0.5Vto7V 

Input Voltage Range 

-0.5 V to Vcc + 0.5 V 

DC Output Current ^ 

±40mA 

Storage Temperature Range 

-65°C to 150°C 

Power Dissipatbn (Package Limit) 

1.0W 


NOTES: 

1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the ‘Operating Range’ of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

OPERATING RANGES 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNIT 

Ta 

Temperature, Ambient 

0 


70 

""C 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

Vss 

Supply Voltage 

0 

0 

0 

V 

ViL 

Logic ‘0’ Input Voltage ^ 

-0.5 


0.8 

V 

ViH 

Logic ‘1’ Input Voltage 

2.2 


Vcc + 0.5 

V 


NOTE: 

1. Negative undershoot of up to 3.0 V is permitted once per cycle. 

DC ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYP’ 

MAX 

UNIT 

Icci 

Operating Current ^ 

tCYCLE = 20 ns 


115 

180 

mA 

Icci 

Operating Current ^ 

tCYCLE = 25 ns 


105 

175 

mA 

Icci 

Operating Current ^ 

tCYCLE = 35 ns 


95 

165 

mA 

ISBI 

Standby Current 

El > ViH or E 2 < ViL 
tCYC = min, lour = 0 


12 

25 

mA 

ISB2 

Standby Current 

Ei>Vcc-0.2Vor E2<0.2V, 
tCYC = min, lour = 0 


0.5 

2 

mA 

Ili 

Input Leakage Current 

ViN = 0 V to Vcc 

-2 


2 

\lA 

Ilo 

I/O Leakage Current 

V|N = 0 V to Vcc 

-2 


2 

pA 

VOH 

Output High Voltage 

loH = -4.0 mA 

2.4 



V 

VoL 

Output Low Voltage 

loL = 8.0 mA 



0.4 

V 

Vdr 

Data Retention Voltage 

El > Vcc - 0.2 V and E 2 < 0.2 V 

2 


5.5 

V 

Idr 

Data Retention Current 

Vcc = 3V,Ei>Vcc-0.2Vand E2<0.2V 



500 

HA 


NOTES: 

1. Typical values at Vcc = 5 V, Ta = 25®C. 

2. Ice is dependent upon output loading and cycle rates. Specified values are with outputs open. 
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LH521007A 


CMOS 128K X 8 Static RAM 


AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

Vssto3V 

Input Rise and Fall Times 

5 ns 

Input and Output Timing Ref. Levels 

1.5 V 

Output Load, Timing Tests 

Figure 3 


CAPACITANCE 


PARAMETER 

RATING 

CiN (Input Capacitance) 

7pF 

Cdq (I/O Capacitance) 

8pF 


NOTES: 

1. Capacitances are maximum values at 25°C measured at 1.0 MHz 
with Veias = 0 V and Vcc = 5.0 V. 

2. Sample tested only. 


+5V 


DQ PINS 



‘ INCLUDES JIG AND SCOPE CAPACITANCES 521007-3 


Figure 3. Output Load Circuit 


DATA RETENTION TIMING 

For data retention mode, either Ei > Vcc - 0.2 V or 
E 2 ^ 0.2 V. The other control signals must be at valid 
CMOS levels (Vcc - 0.2 V < Vin < 0.2 V). The address 
and data buses are ‘Don’t Care.’ 



LOW SUPPLY VOLTAGE DATA RETENTION WAVEFORM ( 1 ) (E^ CONTROL) 



LOW SUPPLY VOLTAGE DATA RETENTION WAVEFORM ( 2 ) (Eg CONTROL) 


Figure 4. Data Retention Timing 
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CMOS 128K X 8 Static RAM 


LH521007A 


AC ELECTRICAL CHARACTERISTICS ^ (Over Operating Range) 


SYMBOL 

DESCRIPTION 

-20 

-25 

-35 

UNITS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

READ CYCLE 

tRC 

Read Cycle Timing 

20 


25 


35 


ns 

tAA 

Address Access Time 


20 


25 


35 

ns 

tOH 

Output Hold from Address Change 

5 


5 


5 


ns 

tEA 

Chip Enable to Valid Data 


20 


25 


35 

ns 

tELZ 

Chip Enable to Output Active 

5 


5 


5 


ns 

tEHZ 

Chip Disable to Output High-Z 


8 


10 


15 

ns 

tGA 

G Low to Valid Data 


7 


8 


12 

ns 

tGLZ 

G Low to Output Active 

0 


0 


0 


ns 

tGHZ 

G High to Output High-Z 


8 


10 


20 

ns 

tpu 

Chip Enable to Power Up Time ^ 

0 


0 


0 


ns 

tPD 

Chip Disable to Power Down Time ^ 


20 


25 


35 

ns 

WRITE CYCLE 

twc 

Write Cycle Time 

20 


25 


35 


ns 

tEW 

Chip Enable to End of Write 

13 


15 


20 


ns 

tAW 

Address Valid to End of Write 

13 


15 


20 


ns 

tAS 

Address Setup 

0 


0 


0 


ns 

tAH 

Address Hold from End of Write 

0 


0 


0 


ns 

tWP 

W Pulse Width 

13 


15 


20 


ns 

tow 

Input Data Setup Time 

9 


10 


12 


ns 

tDH 

Input Data Hold Time 

0 


0 


0 


ns 

tWHZ 

W Low to Output High-Z 

0 

8 

0 

10 

0 

15 

ns 

tWLZ 

W High to Output Active 

5 


5 


5 


ns 


NOTES: 

1. AC Electrical Characteristics specified at ‘AC Test Conditions’ levels. 

2. Active output to High-Z and High-Z to output active tests specified for a ±500 mV transition from steady state levels into the test load. 
CLoad = 5 pF. 

3. Sample tested only. 

4. Guaranteed but not tested. 
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LH521007A 


CMOS 128K X 8 Static RAM 


TIMING DIAGRAMS - READ CYCLE 

Read Cycle No. 1 

Chip is in Read Mode: W and E 2 are HIGH, Ei and G 
are LOW. Read cycle timing Is referenced from when all 
addresses are stable until the first address transition. 
Crosshatched portion of Data Out implies that data lines 
are in the Low-Z state but the data is not guaranteed to 
be valid until Ua. 


Read Cycle No. 2 

Chip is in Read Mode: W is HIGH. Timing Jllustrated 
for the case when addresses are valid before Ei and E 2 
are both active. Data Out is not specified to be valid until 
tEA or tGA, but may become valid as soon as tELZ or tGLZ. 
Outputs will transition directly from High-Z to Valid Data 
Out. Valid data will be present following toA only if tEA 
timing is met. 


Figure 5. Read Cycle No. 1 




Figure 6. Read Cycle No. 2 
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CMOS 128K X 8 Static RAM 


LH521007A 


TIMrNG DIAGRAMS - WRITE CYCLE 

Addresses must be stable during Write cycles. The 
outputs will remain in the High-Z state if W is LOW when 
both Ei and E 2 are active. If G Is HIGH, the outputs will 
remain in the High-Z state. Although these example 
Illustrate timing with G active, It is recommended that G 
be held HIGH for all Write cycles. This will prevent outputs 
from becoming active, preventing bus contention, thereby 
reducing system noise. 



Figure 7. Write Cycle No. 1 



Figure 8. Write Cycle No. 2 


Write Cycle No. 1 (W Controlled) 

Chip is selected: Ei and G are LOW, E 2 is HIGH. Using 
only W to control Write cycles may not offer the best 
performance since both twHZ and tow timing specifica¬ 
tions must be met. 

Write Cycle No. 2 (1 Controlled) 

G Is LOW. DO lines may transition to Lov^Z if the falling 
edge of W occurs after the falling edge of E. 
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LH521008 


CMOS 128K X 8 Static RAM 


FEATURES 

• Fast Access Times: 20/25/35 ns 

• Low-Power Standby when Deselected 

• TTL Compatible I/O 

• 5 V ±10% Supply 

• Fully-Static Operation 

• 2 V Data Retention 

• JEDEC Standard Pinout 

• Package: 32-Pin, 400-mil SOJ 

FUNCTIONAL DESCRIPTION 

The LH521008 is a high-speed 1,048,576-bit static 
RAM organized as 128K x 8. A fast, efficient design is 
obtained with a CMOS periphery and a matrix con¬ 
structed with polysilicon load memory cells. 

_Thls RAM is fully static in operation. The Chip Enable 
(E) control permits Read and Write operations when 
active (LOW) or places the RAM In a low-power standby 
mode when inactiveJHIGH). Standby power drops to its 
lowest level (Isbi) if E is raised to within 0.2 V of Vcc. 

Write cycles_occur when both Chip Enable (E) and 
Write Enable (W) are LOW. Data is transferred from the 
DO pins to the memory location specified by the 17 
address_[ines. The proper use of the Output Enable 
control (G) can prevent bus contention. 


When E is LOW and W is HIGH, a static Read will 
occur £t the memory location specified by the address 
lines. G must be brought LOW to enable the outputs. 
Since the device is fully static in operation, new Read 
cycles can be performed by simply changing the address. 

High-frequency design techniques should be em¬ 
ployed to obtain the best performance from this device. 
Solid, low-impedance power and ground planes, with 
high-frequency decoupling capacitors, are recom¬ 
mended. Series termination of the inputs should be con¬ 
sidered when transmission line effects occur. 

PIN CONNECTIONS 


32-PIN SOJ 




TOP VIEW 

NC C 

1 • 

32 

H Vcc 


AoC 

2 

31 

H Ai 6 


AiC 

3 

30 

□ NC 


A2II 

4 

29 

□ w 


A3 c 

5 

28 

□ Ai5 


A,C 

6 

27 

□ Ai4 


A5C 

7 

26 

^ Ai3 


As C 

8 

25 

□ a ,2 


A7C 

9 

24 

□ G 


As C 

10 

23 

□ 


AsC 

11 

22 

□ i 


A10 c 

12 

21 

□ DQ7 


DQq C 

13 

20 

□ DOe 


DQ, C 

14 

19 

□ DQs 


DQj C 

15 

18 

□ DQ4 


Vss C 

16 

17 

□ DQ3 






521008-ID 


Figure 1. Pin Connections for SOJ Package 
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LH521008 CMOS 128K x 8 Static RAM 



Figure 2. LH521008 Block Diagram 


TRUTH TABLE PIN DESCRIPTIONS 
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CMOS 128K X 8 Static RAM 


LH521008 


ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Vec to Vss Potential 

-0.5Vto7V 

Input Voltage Range 

-0.5VtoVcc + 0.5V 

DC Output Current ^ 

±40mA 

Storage Temperature Range 

-65° C to 150° C 

Power Dissipation (Package Limit) 

1.0 w 


NOTES: 

1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the ‘Operating Range’ of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

OPERATING RANGES 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNIT 

Ta 

Temperature, Ambient 

0 


70 

OC 

Vec 

Supply Voltage 

4.5 

5.0 

5.5 

V 

Vss 

Supply Voltage 

0 

0 

0 

V 

ViL 

Logic ‘0’ Input Voltage ^ 

-0.5 


0.8 

V 

ViH 

Logic ‘1’ Input Voltage 

2.2 


Vcc + 0.5 

V 


NOTE: 

1. Negative undershoot of up to 3.0 V is permitted once per cycle. 


DC ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYP^ 

MAX 

UNIT 

Icci 

Operating Current ^ 

tCYCLE = 20 ns 

E = ViL.W = ViLorViH 


110 

180 

mA 

lcci 

Operating Current ^ 

tCYCLE = 25 ns 

E = ViL,W = ViLorViH 


100 

180 

mA 

Icci 

Operating Current ^ 

tCYCLE = 35 ns 

E = ViL,W = ViLorViH 


80 

150 

mA 

ISBI 

Standby Current 

E> Vcc-0.2 V 


0.005 

2 

mA 

ISB2 

Standby Current 

E>Vih 


8 

20 

mA 

Ili 

Input Leakage Current 

ViN = 0 V to Vcc 

-2 


2 

HA 

Ilo 

I/O Leakage Current 

ViN = 0 V to Vcc 

-2 


2 

|xA 

VoH 

Output High Voltage 

lOH = -4.0 mA 

2.4 



V 

VoL 

Output Low Voltage 

loL = 8.0 mA 



0.4 

V 

Vdr 

Data Retention Voltage 

E>Vcc-0.2V 

2 


5.5 

V 

Idr 

Data Retention Current 

Vcc = 3V,E>Vcc-0.2V 



500 

pA 


NOTES: 

1. Typical values at Vcc = 5 V,Ta = 25®C. 

2. Ice is dependent i4x>n output loading and cycle rates. Specified values are with outputs open. 
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LH521008 


CMOS 128K X 8 Static RAM 


AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

Vsst0 3V 

Input Rise and Fall Times 

5 ns 

Input and Output Timing Ref. Levels 

1.5 V 

Output Load, Timing Tests 

Figure 3 


CAPACITANCE 


PARAMETER 

RATING 

CiN (Input Capacitance) 

6pF 

Cdq (I/O Capacitance) 

8pF 


NOTES: 

1. Capacitances are ma)dmum values at 25°C measured at 1.0 MHz 
with Vsias = 0 V and Vcc = 5.0 V. 

2. Guaranteed but not tested. 


+5V 

1 


480 0 < 
< 

> 

> 


DQPINS-' 



255 Q < 
< 

> 

> 

> 

Z 30 pF * 

* INCLUDES JIG AND SCOPE C 

APACITANCES 521008-3 


Figure 3. Output Load Circuit 


DATA RETENTION TIMING 

E must be held above the lesser of Vih or Vgc - 0.2 V 
to assure proper operation when Vcc < 4.5 V. E must be 
Vcc - 0.2 V or greater to meet Idr specification. All other 
inputs are ‘Don’t Care.’ 



,? 
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CMOS 128K X 8 Static RAM 


LH521008 


AC ELECTRICAL CHARACTERISTICS ^ (Over Operating Range) 


SYMBOL 

— 

DESCRIPTION 

-20 

-25 

-S5 

UNITS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

READ CYCLE 

tRC 

Read Cycle Timing 

20 


25 


35 


ns 

tAA 

Address Access Time 


20 


25 


35 

ns 

tOH 

Output Hold from Address Change 

3 


3 


3 


ns 

tEA 

E Low to Valid Data 


20 


25 


35 

ns 

tELZ 

E Low to Output Active 

3 


3 


3 


ns 

tEHZ 

E High to Output High-Z 


10 


12 


20 

ns 

tGA 

G Low to Valid Data 


8 


10 


20 

ns 

tGLZ 

G Low to Output Active 

0 


0 


0 


ns 

tGHZ 

G High to Output High-Z 


8 


10 


20 

ns 

tpu 

E Low to Power Up Time ^ 

0 


0 


0 


ns 

tPD 

E High to Power Down Time ^ 


20 


25 


35 

ns 

WRITE CYCLE 

twc 

Write Cycle Time 

20 


25 


35 


ns 

tEW 

E Low to End of Write 

15 


20 


30 


ns 

tAW 

Address Valid to End of Write 

15 


20 


30 


ns 

lAS 

Address Setup 

0 


0 


0 


ns 

Uh 

Address Hold from End of Write 

0 


0 


0 


ns 

tWP 

W Pulse Width 

15 


20 


25 


ns 

tow 

Input Data Setup Time 

12 


15 


15 


ns 

tOH 

Input Data Hold Time 

0 


0 


0 


ns 

tWHZ 

W Low to Output High-Z 


8 


10 


15 

ns 

tWLZ 

W High to Output Active 

3 


3 


3 


ns 


NOTES: 

1. AC Electrical Characteristics specified at ‘AC Test Conditions’ levels. 

2. Active output to High-Z and High-Z to output active tests specified for a ±500 mV transition from steady state levels into the test load. 
Ctoad = 5 pF. 

3. Guaranteed but not tested. 
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LH521008 


CMOS 128K X 8 Static RAM 


TIMING DIAGRAMS - READ CYCLE 

Read Cycle No. 1 

Chip is In Read Mode: W Is HIGH, E Is LOW and G Is 
LOW. Read cycle timing is referenced from when all 
addresses are stable until the first address transition. 
Crosshatched portion of Data Out implies that data lines 
are in the Low-Z state but the data is not guaranteed to 
be valid until tAA. 


Read Cycle No. 2 

Chip Is In Read Mode: W is HIGH. Timing llli^trated 
for the case when addresses are valid before E goes 
LOW. Data Out is not specified to be valid until tEA or tGA, 
but may become valid as soon as tELZ or tGLZ. Outputs 
will transitbn directly from HIgh-Z to Valid Data Out. Valid 
data will be present when both tGA and tEA timing are met. 



tRC 


ADDRESS ^ 

^ VALID ADDRESS ) 

( _ 


tAA 


toH 



^ VALID DATA ^ 

( _ 


521008-5 


Figure 5. Read Cycle No. 1 


E 


G 


DQ 


SUPPLY 

CURRENT 





tEA 


^ tpD 

tEHZ. 




/ 


I ^ tptz 

tELZ_ 


/ 




tpHZ 


VALID DATA 






521008^ 


Figure 6. Read Cycle No. 2 
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CMOS 128K X 8 Static RAM 


LH521008 


TIMING DIAGRAMS - WRITE CYCLE 

Addresses must be stable during Write cycles. The 
outputs will remain in the High-Z state if W is LOW when 
E goes LOW. if G is HIGH, the outputs will remain in the 
High^ state. Although these examples illustrate timing 
with G active, it is recommended that G be held HIGH for 
ail Write cycles. This will prevent the outputs from becom¬ 
ing active, preventing bus contention, thereby reducing 
system noise. 


Write Cycle No. 1 (W Controlled) 

Chip is selected: E is LOW, G is LOW. Using only W 
to control Write cycles may not offer the best performance 
since both twHZ and tow timing specifications must be 
met. 

Write Cycle No. 2 (E Controlled) 

G is LOW. DO lines may transition to Lovj^Z if the falling 
edge of W occurs after the failing edge of E. 



Figure?. Write Cycle No. 1 



Figure 8. Write Cycle No. 2 
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LH521008 


CMOS 128K X 8 Static RAM 


ORDERING INFORMATION 


LH52 

Devic( 

>1008 

3 Type Pac 

K -## 

kage Speed , 

I 

•- 125 Access Time (ns) 

[35 

32-pin, 400-mil SOJ {SOJ32-P-400) 

nKAniO iOQL^' X/ Q QAM 

Example: LH521008K-25 (CMOS 128K x 8 Static RAM, 25 ns, 32-pin, 400-mil SOJ) 

521008MD 
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LH521028 


CMOS 64K X18 Static RAM 


FEATURES 

• Fast Access Times: 20/25/35 ns 

• Wide Word (18-Bits) for: 

- Improved Performance 

- Reduced Component Count 

- Nine-bit Byte for Parity 

• Transparent Address Latch 

• Reduced Loading on Address Bus 

• Low-Power Stand-by Mode when 
Deselected 

• TTL Compatible I/O 

• 5 V± 10% Supply 

• 2 V Data Retention 

• JEDEC Standard Pinout 

• Package: 52-Pin PLCC 

FUNCTIONAL DESCRIPTION 

The LH521028 is a high-speed 1,179.648-bit CMOS 
SRAM organized as 64K x 18. A fast, efficient design is 
obtained with a CMOS periphery and a matrix con¬ 
structed with polysilicon load memory cells. The 
LH521028 is available in a compact 52-Pin PLCC, which 
along with the six pairs of supply terminals, provide for 
reliable operation. 

The wntrol signals include Write JEnabl^(W), Chip 
Enable (E), High and Low Byte Select (Sl and Sh), Output 
Enable (G) and Address Latch Enable (ALE). The wide 
word provides for reduced component count, improved 
density, reduced Address bus loading and improved per¬ 
formance. The wide word also allows for byte-parity with 
no additional RAM required. 

_ This RAM is fully static in operation. The Chip Enable 
(E) control permits Read and Write operations when 
active (LOW) or places the RAM in a low-power standby 
mode when inactive (HIGH).The Byte-select controls, Sh 
and Sl, are also used to enable or disable Read and Write 


operations on the high and the tow bytes. The Address 
Latches are transparent when ALE is HIGH (for applica¬ 
tions not requiring a latch), and are latched when ALE is 
LOW. The Address Latches and the wide word help to 
eliminate the need for external Address bus buffers and/or 
latches. 

_ Write cycles occur when Chip Enable (E), Sh and/or 
Sl, and Write Enable (W) are LOW. The Byte-select 
signals can be used for Byte-write operations by disabling 
the other byte during the Write operation. Data is trans¬ 
ferred from the DO pins to the memory location specified 
by the 16 addr^s lines. The proper use of the Output 
Enable control (G) can prevent bus contention. 

When E and either Sh or Sl are LOW and W is HIGH, 
a static Read will occur at the memory location specified 
by the address lines. G must be brought LOW to enable 
the outputs. Since the device Is fully static in operation, 
new Read cycles can be performed by simply changing 
the address with ALE HIGH. 

PIN CONNECTIONS 



Figure 1. Pin Connections for PLCC Package 
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CMOS 64K X18 Static RAM 



8-148 


SHARR 








CMOS 64K X18 Static RAM 


LH521028 


TRUTH TABLE 


ADDRESS 

E 

Sh 

Sl 

ALE 

G 

w 

DQo-DQs 

4PQ»-Dei7 

MODE 

Icc 



D 


H 



High-Z 





L 

L 


H 

L 


Active 

High-Z 

Read 



a 


L 

H 

D 


High-Z 

Active 

Read 


Valid 

L 

L 

L 

H 

L 

H 

Active 

Active 


Icci 

Valid 

L 

L 

L 

H 

H 

H 

High-Z 

Hgh^Z 

Read 

lcci 

Don’t Care 

L 

L 

L 

L 

L 

H 

Data exit 

OaAaQUt 

Read 

Icci 

Valid 

L 

L 

H 

H 

X 

L 

Data In 

DorVtCare 

Write, low byte 

Icci 

Valid 

L 

H 

L 

H 

X 

L 

Don’t Care 

Data-In 

Write, high byte 

Icci 

Valid 

L 

L 

L 

H 

X 

L 

Data In 

Data hi 

Write, both bytes 

Icci 

Valid 

L 

H 

H 

H 

X 

L 

Don’t Care 

OontCare 

Write, inhibited 

Icci 

Don’t Care 

L 

L 

L 

L 

X 

L 

Data In 

Data In 

Write, both bytes 

Icci 


NOTE: 

X = Don’t Care, L = LOW. H = HIGH 


PIN DESCRIPTIONS 


PIN 

SIGNAL 

27 

Vss 

28 

Vec 

29 

As 

30 

Ag 

31 

mm 

32 

EH 

33 

Ai2 

34 


35 


36 

wmi 

37 


38 

DQ2 

39 

DQ3 


PIN 

SIGNAL 

40 

DQ4 

41 

DQs 

42 

Vss 

43 

Vcc 

44 

DQs 

45 

DQz 

46 

DQs 

47 

Ai3 

48 

Ai4 

49 

Ai5 

50 

G 

51 

ALE 

52 

W 


PIN 

SIGNAL 

1 

Vss 

2 

Vcc 

Bl 

Sl 

■■ 

Sh 

5 

E 

6 

Ao 

7 

Ai 

8 

DQg 

9 

DQio 

10 

Vcc 

11 

Vss 

12 

DQii 

13 

DQi2 


PIN 

SIGNAL 

14 

DQi3 

15 

DQi4 

16 

Vss 

17 

Vcc 

18 

DQi5 

19 

DQi6 

20 

DQi7 

21 

A2 

22 

As 

23 

A4 

24 

As 

25 

As 

26 

A7 
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LH521028 


CMOS 64K X18 Static RAM 


PIN DEFINITIONS 

Vcc Positive Suppiy Voitage Terminais 

Vss Reference Terminais 

Ao ~ Ai 5 Address Bus input 

The Address bus is decoded to select one 18-bit word 
out of the total 64K words for Read and Write operations. 

E Chip Enabie Active LOW input 

Chip Enable is used to enabie the device for Read and 
Write operations. When HIGH, both Read and Write 
operations are disabled and the device is in a reduced 
power state. When LOW, a Read or Write operation is 
enabled. 

W Write Enabie Active LOW input 

Write Enabie is used to select either Read or Write 
operations when the device is enabled. When Write 
Enable is HIGH and the device is Enabled, a Read 
operation is selected. When Write Enable is LOW and the 
device is enabled, a Write operation is selected. A Byte- 
write operation is available by using the Byte-select con¬ 
trols. 

Sh, Sl Seiect High Active LOW inputs 
Seiect Low 

The Select High and Seiect Low signals, in conjunction 
with the Chip Enabie and Write Enable signals, allow the 
selection of the Individual bytes for Read and Write op¬ 
erations. When High, the Select signal will deselect Its 


byte and prevent Read or Write operations. When the 
Select signal is LOW and Chip Enable is LOW, a Read or 
Write operation is performed at the location determined 
by the contents of the Address bus. When Chip Enable is 
HIGH, the Select signals are Don’t Care. Select Low (Sl) 
is assigned to DQo ~ DQs and Select High (Sh) is 
assigned to DOg - DQ 17 . 

ALE Address Latch Active High input 
Enabie 

The Address Latch Enable signal is used to control the 
Transparent latches on the Address bus. The Latches are 
transparent when HIGH and are latched when LOW. If 
not required. Address Latch Enable may be tied HIGH, 
leaving the Address bus in a transparent condition. 

DQ 0 -DQ 17 Data Bus inputfOutput 

DQo - DQe comprise the Low byte, selected by Sl, 
an^DQg - DQ17 comprise the High Data byte, selected 
by Sh. The Data Bus is In a high impedance input mode 
during Write operations and standby. The Data bus is in 
a bw-impedance output mode during Read operations. 

G Output Enabie Active LOW Input 

The Output Enable signal Is used to controTthe output 
buffers on the Data Input/Output bus. When G is HIGH, 
all output bu£ers are forced to a high impedance condi¬ 
tion. When G is LOW, the output bikers w[ll become 
active ^ly during a Read operation (E and Sh / Sl are 
LOW, W is HIGH). 
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CMOS 64K X18 Static RAM 


LH521028 


ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Vcc to Vss Potential 

-0.5Vto7V 

Input Voltage Range 

-0.5 V to Vcc + 0.5 V 

DC Output Current ^ 

±40 mA 

Storage Temperature Range 

-65°Cto150°C 

Power Dissipation (Package Limit) 

2W 


NOTES: 

1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the ‘Operating Range’ of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Ou^uts should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

OPERATING RANGES 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNIT 

Ta 

Temperature, Ambient 

0 


70 

OC 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

Vss 

Supply Voltage 

0 

0 

0 

V 

VlL 

Logic ‘0’ Input Voltage ^ 

-0.5 


0.8 

V 

ViH 

Logic *V Input Voltage 

2.2 


Vcc + 0.5 

V 


NOTE: 

1. Negative undershoot of up to 3.0 V is permitted once per cycle. 

DC ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

■ .. 

Icci 

Operating Current ^ 

tCYCLE = minimum 



300 

mA 

ISBI 

Standby Current 

E>Vcc-0.2V 

ViN > Vcc “ 0.2 V or ViN < 0.2 V 
f = 0 



4 

mA 

ISB2 

Standby Current 

E>Vih 

ViN = ViH or ViL 



50 

mA 

ILI 

Input Leakage Current 

V|N = 0 V to Vcc 

-2 


2 

pA 

Ilo 

I/O Leakage Current 

V|N = 0 V to Vcc 

-2 


2 

ma 

VOH 

Output High Voltage 

loH = -4.0 mA 

2.4 



V 

VOL 

Output Low Voltage 

lOL = 8.0 mA 



0.4 

V 


NOTE: 

1. Ice is dependent upon output loading and cycle rates. Specified values are with outputs open. 
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LH521028 


CMOS 64K X18 Static RAM 


AC TEST CONDITIONS 


PARAMETER 

RMTING 

Input Pulse Levels 

VsstoSV 

Input Rise and Fall Times 

Sns 

Input and Output Timing Ref. Levels 

t^V 

Output Load, Timing Tests 

Figures 


CAPACITANCE 



Figure 3. Output Load Circuit 


PARAMETER 

MTING 

CiN (input Capacitance) 

SpF 

Cdq (I/O Capacitance) 

rpF 


1. Capacitances are maximum values at 25°C mMsuredat 1.0 MHz 
with VBias = 0 V and Vcc = 5.0 V. 

2. Guaranteed but not tested. 
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CMOS 64K X18 Static RAM 


LH521028 


AC ELECTRICAL CHARACTERISTICS ^ (Over Operatiril ftOlQe) 



DESCRIPTION 

-28 

-25 

-35 


WSM 

MIX 



ww 


READ CYCLE | 

tRC 

Read Cycle Timing 

20 


25 


35 


ns 

tAA 

Address Access Time 


ao 


25 


35 

ns 

tASL 

Address Setup to Latch Enable 

3 


3 


3 


ns 

tAHL 

Address Hold from Latch Enable 

5 


6 


6 


ns 

tLEA 

Latch Enable to Data Valid 


mm 





ns 

tLHM 

Latch Enable High Pulse Width 

5 


6 


6 


ns 

tOH 

Output Hold from Address Change 

5 




5 


ns 

tUH 

Output Hold from Latch High 

7 


7 

_ 

7 


ns 




28 










3 




ns 

lllll 



18 


mm 


20 

ns 

tSA 

SLOW to Valid Data 


t8 


mm 


20 

ns 

tSLZ 




3 


3 


ns 

tSHZ 



18 






tGA 

GLOW to Valid Data 


9 


12 


20 

ns 

tGLZ 


0 


0 


0 


ns 

iGHZ 

G High to Output High-Z 


9 




20 

ns 

tRCS 

Read Setup from W High 

0 


0 


0 


ns 

tRCH 

Read Hold from W Low 

0 


0 


0 


ns 

tpu 

E LOW to Power Up Time ^ 

0 


0 


0 


ns 

tpD 

E HIGH to Power Down Time ® 


28 


25 


35 

ns 

tWA 

Access Time From Write Enable HIGH 


29 


28 


35 

ns 

1 WRITE CYCLE I 

twc 

Write Cycle Time 

20 


25 


35 


ns 

tEW 

E Low to End of Write 

15 


20 


30 


ns 

^^SSilllllllllllll 

SLOW to End of Write 

mm 


20 


30 


ns 


Address Valid to End of Write 

■3 


20 


30 


ns 


Address Setup to Start of Write 

0 


0 


0 


ns 

lAH 

Address Hold from End of Write 

0 


0 


0 


ns 

tASL 

Address Setup to Latoh Enable 

3 


3 


3 


ns 

tAHL 

Address Hold from Latch Enable 

4 


4 


5 


ns 

tLHW 

Utch Hold from W High 

0 


0 


0 


ns 

tUHM 

Latch Enable HIGH Pulse Width 

5 


6 


6 


ns 

tWP 

W Pulse Width 

15 


20 


30 


ns 

tow 

Input Data Setup Time 

12 


13 


15 


ns 

tOH 

Input Data Hold Time 

0 


0 


0 


ns 

tWHZ 

W Low to Output High-Z 


8 


10 


14 

ns 

tWLZ 

W High to Output Active 

3 


3 


3 


ns 


NOTES: 

1. AC Bectrical Characteristics specified at ‘AC Test Conditions’ levels. 

2. Active output to High-Z and High-Z to output active tests spedfied for a ±500 mV trawsWon Ihom steady state ieveis into the test load. 
Cijoad — 5 pF. 

3. Guaranteed but not tested. 
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LH521028 


CMOS 64K X18 Static RAM 


TIMING DIAGRAMS - READ CYCLE 

Read Cycle No. 1 (Unlatched Address Controlled 
Read) 

Chipjs ln_Read Mcxle: ALE is HIGH (transparent 
mcxJe), E and G are LOW. Read cycle timing is referenced 
from when ail address^are stable until the first address 
transition. Following a W-controlled Write cycle, twA and 
tAA must both be satisfied to ensure valid data. Cross- 
hatched portion of Data Out implies that data lines are in 
the Low-Z state but the data is not guaranteed to be valid 
until tAA- 



Figure 4. Read Cycle No. 1 


Read Cycle No. 2 (Unlatched Chip Enable 
Controlled Read) 

Chip is in Read Mode: ALE is HIGH (transparent 
mode). Read cycle timing is referenced from when E, S, 
and G are stable until the first address transition. Cross- 
hatched portion of Data Out implies that data lines are in 
the Low-Z state but the data is not guaranteed to be valid. 



Figure 5. Read Cycle No. 2 
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CMOS 64K X18 Static RAM 


LH521028 


TIMING DIAGRAMS - READ CYCLE (cont’d) 

Read Cycle No. 3 (Latched Address Controlled ALE, then the access time is Lea- if the address is valid 

Read) after ALE is HIGH (or if ALE is tied HIGH) then the access 

Chip is in Read Mode: W is HIGH, E, Sh, Sl and G are time is tAA- Crosshatched portion of Data Out implies that 

LOW. Both tAA and tiEA must be met before valid data is data lines are in the Low-Z state but the data is not 

available. If the address is valid prior to the rising edge of guaranteed to be valid until tAA- 



Figure 6. Read Cycle No. 3 
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LH521028 


CMOS 64K X 18 Static RAM 


TIMING DIAGRAMS-MEADCYCLE (cont’d) 
Read Cycle No. 4 

Chip is in Read McKle: IMhQ Mmtrated for the case 
when addresses are validtbOfMSgDes LOW. Data Out 
is not specified to be valid imilEA. ISa and tsA, but may 
become active as early as lEUErlstzor tGLZ. 



521028-51 


Rgure 7. Read Cycle No. 4 
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CMOS 64K X18 Static RAM 


LH521028 


TIMING DIAGRAMS - WRITE CYCLE 

Addresses must be stable during unlatched VWite 
cycles. The outputs will r^ain In the High-Z state if W is 
LOW when E and Sh / Sl go LOW. If G is HIGH, the 
outputs will remain in the High-^tate. Although these 
examples illi^trate timing with G active, it is recom¬ 
mended that G be held HIGH for all Write cycles. This will 
prevent the LH521028’s outputs from becoming active, 
preventing bus contention, thereby reducing system 
noise. 


Write Cycle No. 1 (UfMelMd W Controlled Write) 

Chip is select^ 1, Si ami Sh / Sl are LOW, ALE is 
High. Using only W te oofilral Write cydes may not offer 
the best performance aiioe both twHZ and tow timing 
specifications must be imt 

Write Cycle No. 2 Controlled Write) 

G is LOW. DQ liias nwy twiisition to Low-Zif ^faljjng 
edge of W occurs tetertia taing edge of E, Sh/Sl if G is 
LOW. 
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CMOS 64K X18 Static RAM 
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CMOS 64K X18 Static RAM 


LH521028 


BYTE OPERATIONS 

Byte Read Description (Figure 12) (2) Sh goes LOW initiating a Read on the upper byte 

To read individual bytes, the device must be enabled DQh(9-17). Sl remains HIGH keying the lower byte 

(E is LOW), W must be HIGH, the outputs must be DQl(o^) disabled and in a high-impedance mode. 

enabled (G is LOW) and the addresses must be either j 3 j goes LOW activating DQL(o-8).Valid data is avail- 
stable or latched with ALE. Figure 12 is one example of able In tsA following Sl going LOW. 

the byte read capabilities of this device. The example _ 

shows two read operations. The first is a read of the high (4) When Sh goes HIGH, DQh(9-i 7) remains valid for tsHZ 
byte of the current memory location and the second is a before returning to a high-impedance condition, 

read of the low byte of the memory location. ^ ^ ^ terminated by 

(1) At the beginning of the cycle both Sl and Sh are deasserting syHIGH). DQuo^t) remains active for 

HIGH. tSHZ following Sl going HIGH. 



Figure 12. Byte Read (E is LOW and W is HIGH) 


SHARP 


3-159 





LH521028 


CMOS 64K X18 Static RAM 


BYTE OPERATtONS(ciliri9 
Byte Write Description fP^pM t3| 

To do indK^ual byte-yi^ cpe ra tiotis, the device must 
be enabled (E is LOW, Q is don't care) and addresses 
must be either stable or latched Figuie 13 is one example 
of the byte-write capabilities cf fits device. The diagram 
shows two write operations wWi unlBtched addresses. 
The first is a write to the low lyls of memory location N 
and the second is a write to lie hi||fi byte of memory 
location M. 

(1) W goes LOW while Sh main HIGH. 

(2) Sl goes LOW initiating a WHte No the lower byte 
DQl( 08 ) of memory lo ca ion N. Sh remains HIGH 
preventing a Write into the upper byte DQl( 9 -i 7 ) of 
memory location N. 


(3) Sl now goes HIGH terminating the Write operation 
on the lower byte of memory location N. 

(4) Address N is changed to M. 

(5) The Write operation is rww inltiate^on the upper byte 
DQh( 9 - 17 ) by bringing Sh LOW. Sl remains HIGH 
preventing a Write operation from occurring in the 
lower byte DQl(o-8 ) of memory location N+1. 

(6) Sh now goes HIGH terminating the Write operation 
on the upper byte of address M. 

(7) W goes HIGH, ending the Write operation. 
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CMOS 64K X18 Static RAM 


LH521028 
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32K X 36 Synchronous SRAM 


+3.3 V Supply With Clocked, Registered Inputs and Burst Counter 


FEATURES 

• Fast Access Times: 9,10,12, and 17 ns 

• Fast OE: 5, 6, and 7 ns 

• Single +3.3 V ±5% Power Supply 

• 5 V-Tolerant I/O 

• Common Data Inputs and Data OiilpJls 

• Individual BYTE WRITE Control 

• Three Chip Enables for Simple Depth 
Expansion 

• Clock Controlled, Registered, Address, 

Data and Control 

• Internally Self-Timed WRITE Cycle 

• Burst Control Pins (486/Pentium™ Burst 
Sequence) 

• 100-Lead TQFP Package for High Dens^fy, 
Highspeed 

• Low Capacitive Bus Loading 

• High 30 pF Output Drive Capability at 
Rated Access Time 

• Parity Disable FunctiOT for 32-Bit Operation 

• Timing 

9 ns Access/15 ns Cycle 

10 ADce$S/15 ns Cycle 
12 Access/20 ns Cycle 
17 ns Acoess/25 ns Cycle 

• Package: 100-pin TQFP 


FUNCTIONAL DESCRIPTION 

The Sharp Synchronous SRAM family employs high¬ 
speed, low-power CMOS designs using a thin-fitm tran¬ 
sistor memory cell. Sharp SRAMs are fabricated using 
dos^le-layer metal, three-layer polysiiicon technology. 

The LH52V1036B2 SRAM integrates a 32K x 36 
SRAM core with advanced synchronous peripheral cir¬ 
cuitry and a 2-bit burst counter. AH synchronous inputs 
pass through registers controlled by a positive-edge-trig- 
gered single clock input (CLK). The synchronous inputs 
include all addresses, all data inputs, active LOW chip 
enable (CE), two additional chip enables for eas y depth 
expansion ( CE 2 , CEa), burst control inputs (ADSC, 
AD$P, ADV) and byte write enables (BWi, BWa, BW 3 , 
BW 4 ). 

Asynchronous inputs include the output enable ( OE) 
and the clock (CLK). The Data-out (Q), enabled by OE, 
is also asynchronous. WRITE cycles can be from one to 
four bytes wide as controlled by the byte write enables. 

‘ Burst operation can b e initiated with either address 
status processor (ADSP) or address status controller 
(ADSO) Input pins. Subsequent burst addresses can be 
inte rnally generated as controlled by the burst advance 
pin (ADV). 

Address and write control are registered on-chip to 
simplify WRITE cycles. This allows self-timed WRITE 
cycles. Individual byte enables allow individual bytes to 
be written. BWi controls DQi-DQs and DQPi, BW 2 con¬ 
trols DQg-DQieand DQP 2 , BW 3 controls DQi 7 -DQ 24 and 
DQP 3 , and BW 4 controls DQ 25 -DQ 32 and DQP 4 . 

The LH52V1036B2 operates from a +3.3 V power sup¬ 
ply and all inputs and outputs are TTL compatible. The 
device is ideally suited for 486 and Pentium (P5) systems 
and those systems which benefit from a very wide data 
bus. The device is also ideal in 32, 64 and 72-bit wide 
applications. 
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32K X 36 Synchronous SRAM 


ADVANCE INFORMATION 


LH52V1036B2 
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Figure 2. LH52V1036B2 Block Diagram 
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32K X 36 Synchronous SRAM 


ADVANCE INFORMATION 


LH52V1036B2 


PIN DESCRIPTIONS 


TQFP PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

37, 36, 35, 34, 33, 32, 
100, 99,82, 81,44, 45, 
46, 47, 48 

Ao-Ai4 

input 

Synchronous Address inputs: These inputs are 
registered and must meet the setup and hoid times 
around the rising edge of CLK. 

93, 94, 95, 96 

BWi,BW2, 
BW3, BW4 

input 

Synchronous Byte Write Enabies: These active LOW 
inputs allow individuai bytes to be written and must meet 
the setup and hoid times around the rising edge 
of CLK A BYTE WRiTE enabie is L^ for a WRITE 
cycie and HIGH for a READ cycle. BWt controls 
PQi-DQe and DQPi. BW 2 controls DQshDQie and 

DQPa. BW 3 controls DQi7-DQ24and DQP 3 , BW 4 
controls DQ 25 -DQ 32 and DQP 4 . Data are tristated if 
any of these four inputs are LOW. 

89 

CLK 

Input 

Clock: This signal latches the address, data, chip 
enables, byte write enables and burst control inputs on 
its rising edge. All synchronous Irputs must meet setup 
and hold times around the clock’s rising edge. 

98 

CE 

input 

Synchronous Chip Enable: This active LOW input is 
used to enabie the device and conditions internal use of 
ADSP. This input is sampled only when a new external 
address is loaded. 

92 


input 

Synchronous Chip Enable: This active LOW input is 
used to enable the device. This input is sampled only 
when a new external address Is loaded. This input can 
be used for memory depth expansion. 

ill.. 

CE2 

input 

Synchronous Chip Enable: This active HIGH Input is 
used to enabie the device. This input is sampled only 
when a new external address is loaded. This input can 
be used for memory depth expansion. 

86 

OE 


Output Enable: This active LOW asynchronous input 
enables the data I/O output drivers. 

83 


input 

Synchronous Address Advance: This active LOW input 
is used to advance the internal burst counter, controlling 
burst access after the external address is loaded. A 

HIGH on this pin effectively causes wait states to be 
generated (no address advance). This pin must be 

HIGH at the rising edge of the first clock after an ADSP 
cycle Is initiated if a WRITE cycle is desired (to ensure 
use of correct address). 

84 

ADSP 

input 

Synchronous Address Status Processor: This active 

LOW Input interrupts any ongoing burst, causing a new 
external address to be latched. A READ Is performed 
using the new address, independent of the byte write 
enables and ADSC but dependent upon CE 2 and CE 2 . 
ADSP is Ignored if CE Is HIGH. Power-down state is 
entered if CE 2 Is LOW or CE 2 is HIGH. 

85 

ADSC 

input 

Synchronous Address Status Controller. This active 

LOW input interrupts any ongoing burst and causes a 
new external address to be latched. A READ or WRITE 
is performed using the new address If all chip enables 
are active. Power-down state is entered if one or more 
chip enables are inactive. 
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LH52V1036B2 


ADVANCE INFORMATION 


32K X 36 Synchronous SRAM 


PIN DESCRIPTIONS (conf d) 


TQFP PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

14,16, 31,38,39,42, 
43, 49, 50, 64, 66, 88 

NC 

- 

No Connect: These signals are not internally connected. 

52, 53, 56, 57, 58, 59, 
62, 63. 68, 69, 72, 73, 
74, 75, 78, 79, 2, 3, 6, 

7, 8, 9,12,13,18,19, 
22, 23,24, 25, 28, 29 

DQ 1 -DQ 32 

Inpul/Output 

SRAM Data I/O: Byte 1 is DQi-DQb; Byte 2 is 

DQ 9 -DOT 6 ; Byte 3 is DQ 17 -DQ 24 ; Byte 4 is DQ25-DQ32. 
Input data must meet setup and hold times around the 
rising edgeiif CLK. 

51,80,1,30 

DQP 1 -DQP 4 

Input/Output 

Parity E^ta I/O: Byte 1 Parity is DQPi; Byte 2 Partly is 
DQP 2 ; Byte 3 Parity is DQP 3 ; Byte 4 Parity is DQP 4 . 

87 

PDIS 

Irvpftil 

Parity Disable: When HIGH, this input disables DQPi 
through DQP 4 for 32-bit data bus widtt. ALOW on PDIS 
enables control of DQPi throigh DQP 4 in the same 
manner as DQ 1 -DQ 32 s^e confrolled. 

15, 41,65, 91 

Vcc 

Supply 

Power Supply: +3.3 V ±5% 

17, 40, 67, 90 

Vss 

''illk. 

Ground: GND 

4,11,20, 27, 54, 61. 
70,77 

VccQ 

Supply 

Isolated Output Buffer Supply: +3.3 V ±5% 


BURST SEQUENCE TABLE 


OPERATION 

ADDRESS USED 


Ai 

Ao 

First access, latch external address 


Ai 

Ao 

Second access |%st burst address) 

L8at^eclAi4-A2 

Latched Ai 

Latched Ao 

TNrd access (second burst address) 

LatdiedAi4-A2 

Latched Ai 

Latched Ao 

Fourth access (third burst address) 

Latched A 14 -A 2 

Latched Ai 

Latched Ao 


NOTE: 

The burstisequence wraps around to Kslnitial staleilpon completion. 

BURST ADDRESS TABLE 


FIRST ADDRESS 

^iiio:J|iREsi' 

THIRD ADDRESS 

FOURTH ADDRESS 

X ... XOO Jiil 


B<oi 

X. 

.X10 

X. 

.XII 

X... X01 

X.. 

.XOO 

X. 

.XII 

X. 

.X10 

X...X10 

X,. 

.XII 

X. 

.XOO 

X. 

.X01 

.iilli • XII 

X.. 

.X10 

X.. 

. .X01 

X. 

..XOO 
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32K X 36 Synchronous SRAM 


ADVANCE INFORMATION 


LH52V1036B2 


TRUTH TABLE 


OPERATION 

ADDRESS 

USED 



CE2 

ADSP 

ADSC 

ADV 

WRITE 

OE 

CLK 

DO 

Deselected Cycle, Power¬ 
down 

None 

H 

X 

X 

X 

L 

X 

X 

X 

L-H 

High-Z 

Deselected Cycle, Power¬ 
down 

None 

L 

X 

L 

L 

X 

X 

X 

X 

L-H 

High-Z 

Deselected Cycle, Power¬ 
down 

None 

L 

H 

X 

1 

X 

X 

X 

X 

L-H 

High-Z 

Deselected Cycle, Power¬ 
down 

None 

L 

X 

L 

H 

L 

X 

X 

Xl| 

L-H 1 

High-Z 

Deselected Cycle, Power¬ 
down 

None 

L 

H 

X 

H 

L 

X 

X 

X 

L-H 1 

High-Z 

READ Cycle, Begin Burst 

External 

L 

L 

H 

L 

X 

X 

X 

. L 1 

lll-H 

Q 

READ Cycle, Begin Burst 

Extern^ 

L 

L 

H 

L 

X 

X 

• X 1 

H 

L-H 

High-Z 

WRITE C^cle, Begin Burst 

External 

L 

L 

H 

H 

L 

X 

illllk 

X 

L-H 

D 

READ Cycle, Begin Burst 

E?rtemal 

1 

L 

H 

H 

i 

M 

'If 

L 

L-H 

Q 

READ Cycle, Begin Burst 

External 

pL 

L 

H 

H 

L 

X 

H 

H 

L-H 

High-Z 

READ Cycle, Continue Burst 

Next 

X 1 

X 

X 

h' ' ^ 

H 

L 

H 

L 

L-H 

Q 

READ Cycle, Continue Burst 

Next 

X 

X 

M 


H 

L 

H 

H 

L-H 

High-Z 

READ Cycle, Continue Burst 

Next 

H 

X 

nil 

,, iil 

H 

L 

H 

L 

L-H 

Q 

READ Cycle, Continue Burst 

Next 

H 

X 

X 


H 

L 

H 

H 

L-H 

High-Z 

WRITE Cycle, Continue Burst 

Next 

X 

X 

X 

jiip- 

H • 

L 

L 

X 

L-H 

D 

WRITE Cycle, Continue Burst 

Next 

H 

X 

X 

X 

H 

L 

L 

X 

L-H 

D 

READ Cycle, Suspend Burst 

Current 

X 

IlliJ 

X 

H 

H 

H 

H 

L 

L-H 

Q 

READ Cycle, Suspend Burst 

Current 

iiir 


X 

H 

H 

H 

H 

H 

L-H 

High-Z 

READ Cycle, Suspend Burst 

Current 

l||r 

X 

X 

X 

H 

H 

H 

L 

L-H 

Q 

READ Cycle, Suspend Burst 

Current 

H 

X 

X 

X 

H 

H 

H 

H 

L-H 

High-Z 

WRITE Cycle, Suspe^ Burst 

IlliiilP' 

X 

X 

X 

H 

H 

H 

L 

X 

L-H 

D 

WRITE Cycle, Suspend Birst 

Current 

H 

X 

X 

X 

H 

H 

L 

X 

L-H 

D 


NOTES: 

1. X means ‘donT ca re/ H me ans logic HIGH. L means logic LOW. WRITE = L means any one or more byte write enable signals (BWi, BW 2 , BW3 
or BW4) are LOW. W^tTE = H means all byte write enable signals are HIGH. 

2 . BWi enables wrlt<^to Byte 1 (DQi-DQa. DQPi). BW 2 enables writes to Byte 2 (DQ 9 -DQ 16 , DQP 2 ). BW 3 enables writes to Byte 3 (DQ 17 -DQ 24 , 
DQP 3 ). 8 W 4 enables writes to Byte^ (DQ 25 -DQ 32 , DQP 4 ). 

3. All inputs except OE must meet setup and hold times around the rising edge (LOW to HIGH) of CLK. 

4. ^tes are ftiserted by suspending burst. 

5. For a writeioperation following a read operation, OE must be HIGH before the input data required setup time and held HIGH throughout the 
input data hold time. 

6. This is device contains circuitry that will ensure the outputs will be in High-Z during power-up. 

7. PDIS disables the DQP lines when HIGH and enables the OOP lines when LOW. 

8. ADSP LOW always initiates an internal READ at the L-H edge of CLK. A WRITE is performed by setting one or more byte write enable signals 
LOW for the subsequent L-H edge of CLK. Refer to WRITE timing diagram for clarification. 
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LH52V1036B2 


ADVANCE INFORMATION 


32K X 36 Synchronous SRAM 


ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Voltage on Vcc Supply Relative to Vss 

-0.5 V to+4.6 V 

ViN 

-0.5 V to Vcc + 0.5 V 

Storage Temperature (Plastic) 

-55°Cto+150°C 

Junction Temperature 

+150°C 

Power Dissipation 

1.6W 

Short Circuit Output Current 

100 mA 


NOTE: 

1. Stresses greater than those listed under ‘Absolute Maximum Raiings" may cause permanent damage to the device. This ts a ^ess rating only 
and functional operation of the device at these or any other conditions above: those indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating conditions loiextended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS 

(0°C < Ta < 70°C; Tc ^ 110°C; Vcc » 3.3 Vi5% unless otherwise noted) 


DESCRIPTION 

CONCHTIONS 

SYMBOL 

jiIII" 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


Vih 4| 


Vcc + 
0.5 V 

V 

1.2 

Input Low (Logic 0) Voltage 


VlL 

-0.3 

0.8 

V 

1,2 

Input Leakage Current 

0V#ViN^Vcc 

fu 


1 

ma 


Output Leakage Current 

Output(s) Disabled, 
0V<VouT^Vcc 

Ilo 

[' 

1 

ma 


Output High Voltage 

IOH = “4.0 mA 


2.4 


V 

1 

Output Low Voltage 

lOL = 8.0 mA 

VoL 


0.4 

V 

1 

Supply Voltage 


Vcc 

3.1 

3.5 

V 

1 


NO-HES: 

1. Ail vdtages referenced to Vss (GND). 

2 . Overshoot Vih ^ Vcc + 2.0 V for t ^ tKO^. Undershoot Vc ^ -2.0 V for t < W2. Power-up: Vih ^ Vcc + 2.0 V and Vcc ^ 3.1 V for 
t ^ 20© msec. 
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32K X 36 Synchronous SRAM 


ADVANCE INFORMATION 


LH52V1036B2 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < Ta ^ 70°C; Tc S 110°C; Vcc = 3.3 V ±5% unless otherwise noted) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

typical 

MAX. 

UNITS 

NOTES 


-9 

-10 

-12 

-17 

Power 

Supply 

Current: 

Operating 

Device Selected; all inputs < Vil or 
> Vih; cycle time > tKC min; 

Vcc = MAX; outputs open 

Icc 

170 

250 

250 

210 

180 

mA 

1,2,3 

Power 

Supply 
Current: Idle 

Device Selected; ADSC, ADSP, 

ADV > Vih; all inputs < Vil or > Vih; 
Vcc = MAX; cycle time > tKC min 

ISB1 

lilt 

85 

85 

70 

60 

liiiiliSj 

2,3 

CMOS 

Standby 

Device Deselected; Vcc = MAX; alt 
inputs <Vss+0.2 or > Vcc -Qi2; all i 
inputs static; CLK frequency » 0 

|]||SB2j||| 

i 0.2 

2 

2 ,:i 

2 

2 


2,3 

TTL Standby 

Device Deselected; all inputs < Vil 
or > Vih; all Inputs static; Vcc - 
MAX; CLK frequency = 0 

|PiSB3 

10 

Jil 

18 

jiiii 

ilfl 

mA 

2,3 

Clock 

Running 

Device Deselected; all Inputs % Vil 
or > Vih; Vcc = MAX; CLK cycle 
time > tKC min 

ISB4 

20 

35 

IIP 

30 

25 

mA 

2. 3 


NOTES; 

1 ■ icc is given with no output Current too increases with greater output loading and faster cyde times. 

2. ‘Device Deselected’ means device is ie POWER-DOWN mode as defined In the truth table. ‘Device Selected’ means device is active (not in 
POWER-DOWN mode). 

3. Typical values are mes^red at 3.3 V, 25°C and 20 ns cycle time. 


CAPACITANCE 


DESCRIPTION 


SYMBOL 

TYP 

MAX 

UNITS 

NOTES 

Input Capacitance 

TA = 25‘’C;f=1 MHz 

Vcc = 3.3 V 

Cl 

3 

4 

PF 

1 

InpuVOutput Capacitance (DQ) j 

Co 

5 

6 

PF 

1 


NOTE: 

1. This parameter is sampled. 


THERMAL CON^DERATIONS 


,ii;i:PEii|ii||N 

CONDITIONS 

SYMBOL 

TYP 

UNITS 

NOTES 

Thermal Resistance- Junction to Ambient 

Still Air 

OjA 

65 

°c/w 


Thermal Resistance - Junction to Case 

Ojc 

6 

°c/w 


Maximum Case Temperature 

I_ 

TC 

110 

°c 

1 


NOTE: 


1. Sharp does not warrant the functionality or reliability of any product in which the case temperature exceeds 11 0°C. Care should be taken to limit 
case temperature to accepteible levels. 
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LH52V1036B2 


ADVANCE INFORMATION 


32K X 36 Synchronous SRAM 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS ^ 
(0°C < Ta < 70°C; Vcc = 3.3 V ±5%) 


DESCRIPTION 

SYMBOL 

-9 

-10 

-12 

-17 

UNITS 

NOTES 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

CLOCK 

Clock Cycle Time 

tKC 

15 


15 


20 


25 


ns 


Clock HIGH Time 

tKH 

4 


5 


6 


8 


ns 


Clock LOW Time 

tKL 

4 


5 


6 


8 


n$ 


OUTPUT TIMES 

Clock to Output Valid 

tKQ 


9 


10 


12 


17 

ns 


Clock to Output Invalid 

tKQX 

3 


3 


3 


3 


ns 


Clock to Output In Low-Z 

tKQLZ 

5 


5 


6 




ns 

2,3 

Clock to Output In High-Z 

tKQHZ 


Ilk::.. 


5 


6 


6 

ns 

2,3 

OE to Output Valid 

tOEQ 


5 


5 


6 


7 

ns 

4 

OE to Output In Low-Z 

tmz 



0 


...........Q........ 




ns 

2,3 

OE to Output in HIgh-Z 

tOEHZ 


5 


5 


|l,6 


6 

ns 

2,3 

SETUP TIMES 

Address 

1p| 

2.5 


3 


3 


3 


ns 

5,6 

Address Status (ADSC, ADSP) 

tADSS 

2.5 


3 




3 


ns 

5,6 

Address Advance (SBV) 

tAAS 

2.5 


. B . 


3 


3 


ns 

5,6 

Byte Write Enables (SWi, 

BW2, BW3, BW4) 

tws 

2.6 




3 


3 


ns 

5,6 



lilt 


► 3 


3 


3 


ns 

5,6 

Cl^p Enables (CE, CE 2 , CE 2 ) 


2S 


3 


3 


3 


ns 

5,6 

HOLD TIMES 

Address 


w 


0.5 


0.5 


0.5 


ns 

5,6 

Address Status (ADSC» ADSP) 

|h,tADiB' 

0.5 


0.5 


0.5 


0.5 


ns 

5,6 

Address Advance (ADV) 

HHiB" 

0.5 


0.5 


0.5 


0.5 


ns 

5,6 

Byte Write Enables pWt, 

BW 2 , BWs, ^ 4 ) 

tWH 

0.5 


0.5 


0.5 


0.5 


ns 

5,6 

Detain 

tDH 

0.5 


0.5 


0.5 


0.5 


ns 

5,6 

ChipEnatote{51,^,CE2) 

tCEH 

0.5 


0.5 


0.5 


0.5 


ns 

5,6 


NOTES; 

1. Test conditions as specified with the output loading as shown in Figure 3 unless otherwise noted. 

2. OutpiiitlQiadiflg is specified with CL = 5 pF as in Rgure 4. Transition is measured ±500 mV from steady state voltage. 

3. At any given temperature and voltage condition, tKOHZ is less than tKOLZ and tOEHZ is less than toELZ- 

4. ^ is a ‘don’t care’ when a byte write enable is sampled LOW. 

5. A READ cycle is defined by byte write enable s all HIGH or ADSP LOW for the required setup and hold times. A WRITE cycle Is defined by at 
least one byte write enable LOW and ADSP HIGH for the required setup and hold times. 

6 . This is a synchronous device. All addresses must meet the specified setup and hold times for all rising edges of CLK when either ADSP or ADSC 
is LOW and chip enabled. All other synchronous inputs must meet the setup and hold times with stable l ogic lev el s for all rising edges 

of clock (CLK) when chip is enabled. Chip enable must be valid at each rising edge of CLK (when either ADSP or ADSC is LOW) to remain 
enabled. 
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32K X 36 Synchronous SRAM 


ADVANCE INFORMATION 


LH52V1036B2 


AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

Vssto3.0V 

Input Rise and Fall Times 

1.5 ns 

Input Timing Reference Levels 

1.5 V 

Output Reference Levels 

1.5 V 

Output Load 

See Figures 3 
and 4 
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Figures. Read Timing 
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Figures. Write Timing 


Cd 

I 

■>1 

Cd 
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Figure?. Read/WriteTiming 
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32K X 36 Synchronous SRAM 


ADVANCE INFORMATION 


LH52V1036B2 


APPLICATION INFORMATION 

32>Bit Wide Systems 

The Sharp 32K x 36 Synchronous SRAM may be used 
in a 32-bit-wide system without the use of any external 
components by connecting PDIS to Vcc. This disables 
the output buffer on the data parity input/output lines 
(DQPi. DQP2, DQPa and DQP4). 

Load Derating Curves 

The Sharp 32K x 36 Synchronous SRAM timing is 
dependent upon the capacitive loading on the outputs. 
The data sheet is written assuming a load of 30 pR Access 
time changes with load capacitance as follows: 

AtKQ = 0.03 ns/pF X ACl pF 

NOTE: this is preliminary information subject to change. 


For example, if the SRAM loading is 22 pF, ACl is -8 
pF (8 pF less than rated load). The clock to valid output 
time of the SRAM is reduced by 0.03 x 8 = 0.24 ns. If the 
device is a 12 ns part, the worse case tKQ becomes 
11.76 ns. 

Consult the factory for copies of I/O current versus 
voltage curves and SPICE models. 

Depth Expansion 

The Sharp 32K x 36 Synchronous SRAM Incorporates 
two additional chip enables to facilitate sinpla depth 
expanskm. This permits easy cache upgrades from 32K 
depth to 64K depth with no extra logic as shown in 
Figure 8. 



ADDRESS DATA 


PDIS SHARF 

SYNCHRONOUS 

ADSC 

gWfiSj 

M 

cl 




Figure 8. Depth Expansion From 32K x 36 to 64K x 36 
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LH52V1036B2 


ADVANCE INFORMATION 


32K X 36 Synchronous SRAM 


APPLICATION EXAMPLES 



Figure 9.128K Byte Secondary Cache WUh Parity and Burst 
for 50 MHz 80486 Using One LHS2V1036B2-12 Synchronous SRAM 



Figure 10.256K Byte Secondary Cache With Parity and Burst 
for 66 MHz Pentium^^ Using Two LH52V1036B2-9 Synchronous SRAMs 
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32K X 36 Synchronous SRAM 


+3.3 V Supply, Fully Registered Inputs, Outputs, and Burst Counter 


FEATURES 

• Fast Access Times; 7,10,12, and 15 ns 

• FastOE:5,6, 7, andSns 

• Single +3.3 V ±5% Power Supply 

• 5 V-Tolerant I/O 

• Common Data Inputs and Data Oul^ts 

• Individual BYTE WRITE Control 

• Three Chip Enables for Simple Depth 
Expansion 

• Clock Controlled, Registered, Address, 

Data I/O and Control for Fully Pipelined 
Applicati(xis 

• Internally Self-Timed WRITE Cycle 

• WRITE Pass-Through Capability 

• Burst ControlPins (486/Pentium^ Burst 
Sequence) 

• 10O^tead TQFP Package for High Density, 
High Speed 

• Low Capacitive Bus Loading 

• High 30 pF Oulpit Drive Capability at 
Rated Access Time 

• Parity Disable Function for 32-Bit Operation 

• Timing 

7 ns Access/15 ns Cycle 
10 ns Access/20 ns Cycle 
12 ns Access/25 ns Cycle 
15 ns Access/30 ns Cycle 

• Package: 100-pin TQFP 


FUNCTIONAL DESCRIPTION 

The Sharp Synchronous SRAM family emi^oys high- 
speexfrkjvy^power CMOS designs using a ttMlm tran¬ 
sistor memory cell. Sharp SRAMs are faijricated using 
double-layer metal, three-layer polysilicon technology. 

The LH52V1036C4 SR^ integrates a 32K x 36 
SRAM core with advanced synchronous peripheral cir¬ 
cuitry, a 2-bit burst ctHinter and output register. All syn¬ 
chronous inputs pass through registers controlled by a 
positive-edge-tfiggered single clock input (CLK). The syn¬ 
chronous inputs include ail addresses, all data inputs, 
active LOW dip enable, two additional chip enables for 
easy depth expansio n (CE 2 , CE 2 ), burst control inputs 
(AD$C, APSP, ADV) and the byte write enables (BWi, 
BWa, BWs, 8W4)- 

Asynchronous inputs Include the output enable (OE) 
and the dock (CLK). The data-out (Q), enabled by OE, is 
also asynchronous. The output register is controlled by 
the dock. WRITE cycles can be from one to four bytes 
wide as controlled by the byte write enables. 

Burst operatio n can b e initiated with either address 
status processor (ADSP) or address status controller 
(ADSC) input pins. Subsequent burst addresses can be 
inte rnally generated as controlled by the burst advance 
pin (ADV). 

Address and write control are registered on-chip to 
simplify WRITE cycles. This allows self-timed WRITE 
cycles, individual byte enables allow individual bytes to 
be written. WRITE pass-through makes written data 
immediately available at the ouput register during the 
READ cycle following a WRITE as controlled solely by 
OE to improve cache system response. 

The LH52V1036C4 operates from a +3.3 V power sup¬ 
ply and ail inputs and outputs are TTL compatible. The 
device Is ideal for Pentium (P5) pipelined applications and 
32,64 and 72-bit wide applications. 
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32K X 36 Synchronous SRAM 


ADVANCE INFORMATION 


LH52V1036C4 


PIN DESCRIPTIONS 


TQFP PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

37, 36, 35, 34, 33, 32, 
100,99,82, 81,44,45, 
46, 47, 48 

Ao-Ai4 

Input 

Synchronous Address Inputs: These inputs are 
registered and must meet the setup and hold times 
around the rising edge of CLK. 

93, 94, 95, 96 

BWi,BW2, 
BW3, BW4 

Input 

Synchronous Byte Write Enables: These active LOW 
inputs allow Individual bytes to be written and must meet 
the setup and hold times around the rising edge 
of CLK. A BYTE WRITE enable is L^ for a WRITE 
and NIQR for a READ cycle. BWi controls 
DQi-PQs and DQPi. BW 2 controls DQs-DOieand 

DQP 2 . BW 3 controls DQ 17 -DQ 24 and DQP 3 . BW 4 
controls DQ 25 -DQ 32 and DQP 4 . Data I/O are tristated if 
any of these four inputs are LOW* 

89 

CLK 

Input 

Clock: This signal latches the address, data, chip 
enables, byte write enables and burst control inputs on 
its rising edge. All synchronous inputs must meet setup 
and hold times around the clock's rising edge. 

98 

CE 

Input 

Synchronous Chip Enable: This active LOW input is 
used to enable the device and conditions internal use of 
ADSP* This Input is sampled only when a new external 
address is loaded. 

92 


Input 

SynchroiKXis Chip Enable: This active LOW input is 
used to enable the device. This input is sampled only 
when a new external address is loaded. This input can 
be used for memory depth expansion. 

97 

CE2 

Input 

Synchronous Chip Enable: This active HIGH input is 
enable the device. This input Is sampled only 
when a new external address is loaded. This Input can 
be used for memory depth expansion. 

86 

OE 

Input 

Output Enable: This active LOW asynchronous input 
enables the data I/O output drivers. 

83 

SB? 

Input 

Synchronous Address Advance: This active LOW input 
is used to advance the internal burst counter, controlling 
burst access after the external address is loaded. A 

HIGH on this pin effectively causes wait states to be 
generated (no address advance). This pin must be 

HIGH at the rising edge of the first clock after an ADSP 
cycle is initiated if a WRITE cycle is desired (to ensure 
use of correct address). 


ADSP 

Input 

Synchronous Address Status Processor: This active 

LOW input interrupts any ongoing burst, causing a new 
external address to be latched. A READ is performed 
using the new address. Independent of the byte write 
enables and ADSC but dependent upon CE 2 and CE 2 . 
ADSP is Ignored if CE is HIGH. Power-down state is 
entered if CE 2 is LOW or CE 2 is HIGH. 

85 

ADSC 

Input 

Synchronous Address Status Controller. This active 

LOW input Interrupts any ongoing burst and causes a 
new external address to be latched. A READ or WRITE 
is performed using the new address if all chip enables 
are active. Power-down state is entered if one or more 
chip enables are Inactive. 
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LH52V1036C4 


ADVANCE INFORMATION 


32 K X 36 Synchronous SRAM 



SYMBOL 

TYPE 

DESCRIPTION 

14,16,31,38,39,42, 
43, 49, 50, 64, 66, 88 

NC 

- 

No Connect: These signals are not internally connected. 

52, 53, 56, 57, 58, 59, 
62, 63, 68, 69, 72, 73, 
74, 75, 78, 79, 2, 3, 6, 

7, 8, 9,12,13,18,19, 
22, 23,24, 25, 28,29 

DQ 1 -DQ 32 

Input/Output 

SRAM Data I/O: Byte 1 is DQi-DQe; Byte 2 is 

DQ9-DQie; Byte 3 is DQ 17 -DQ 24 ; Byte 4 is DQ25-DQ32. 
input data must meet setup and hold times around the 
rising edge of CLK. 

51,80,1,30 

DQP 1 -DQP 4 

Input/Output 

Parity Data I/O; Byte 1 Parity is DQPi; Byte 2 Parity is 
OQP 2 ; Byte 3 Parity is DQP 3 ; Byte 4 Parity Is DQP 4 . 

87 

PDIS 

Input 

Parity Disable: When HIGH, this input disables DQPi 
through DQP 4 for 32-bit data bus width. A LOW on PDIS 
enables control of DQPi through DQP 4 In the same 
rnmmBT as DQ 1 -DQ 32 are conhofled. 

15, 41,65, 91 

Vcc 

Supply 

Power Supply: +3.3 V ±5% 

17, 40,67, 90 

Vss 

Supply 

Ground: GND 

4,11,20, 27, 54, 61, 
70,77 


SupfSy 

Isolated Output Buffer Supply: +3.3 V ±5% 

5,10,21,26, 55, 60, 
71,76 

lysii: 

Supply 

Isolated Output Buffer Ground: GND 
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32K X 36 Synchronous SRAM 


ADVANCE INFORMATION 


LH52V1036C4 


PASS-THROUGH TRUTH TABLE 


PREVIOUS CYCLE 

PRESENT CYCLE 

NEXT CYCLE 

OPERATION 

BWs 

OPERATION 

CE 

BWs 

OE 

OPERATION 

Initiate WRITE cycle, all bytes 
Address = A(n-1), data = D(n-1) 

AIIL 

Initiate READ cycle 

Register A(n), Q = D (n-1) 

L 

H 

L 

Read D(n) 

Initiate WRITE cycle, all bytes 
Address = A(n-1), data = D(n-1) 

AIIL 

No new cycle 

Q = D(n-1) 

H 

H 

L 

No carryover from 
previous cycle 

Initiate WRITE cycle, all bytes 
Address = A(n-1), data = D(n-1) 

AIIL 

No new cycle 

Q = HIGH-Z_, 


H 

H 

No carryover from 
previous cycle 

Initiate WRITE cycle, one byte 
Address = A(n-1), data = D(n-1) 

OneL 

No new cycle 

Q = D(n*t) for one byte 

H 

H 

L 

No carryover from 
previous cycle 


NOTE: 

Previous cycle may be either BURST or NONBURST cycle. 

BURST SEQUENCE TABLE 


OPERATION 

ADDRESS US^ 

A14-A2 


Ao 

First access, latch external address 

A 14 -A 2 


Ao 

Second access (first burst address) 

Latched 

Latched Ai 

Latched Ao 

Third access (second burst address) 

Latched Ai4“A2 

[iililfc 

Latched Ao 

Fourth access (third burst address) 

Latched Ai 4 ^A 2 

Latched Ai 

Latched Ao 


NOTE: 

The burst seC|Uence wraps around to its initial state upon completion. 

BURST ADDRESS TABLE 


FIRST ADDRESS 

SECOND ADDRESS 

THliililRESS 

FOURTH ADDRESS 

X. 

Illlr*' 

X. 

. .X01 

lilili- 



.XII 

X. 

|lll! 

X. 

.xoo 



X. 

.X10 

X. 

.X 10 

X. 

.X11 

III X. 

..XOO 

X. 

.X01 

X. . 

.X 11 

X.. 

•ill 

Ill. 

.. X01 

X. 

..xoo 


SHARP 
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ADVANCE INFORMATION 


32K X 36 Synchronous SRAM 


TRUTH TABLE 


OPERATION 

ADDRESS 

USED 


CE2 

CE 2 

ADSP 

ADSC 

ADV 

WRITE 

OE 


DO 

Deselected Cycle, Power¬ 
down 

None 

H 

X 

X 

X 

L 

X 

X 

X 

L-H 

High-Z 

Deselected Cycle, Power¬ 
down 

None 

L 

X 

L 

L 

X 

X 

X 

X 

L-H 

High-Z 

Deselected Cycle, Power¬ 
down 

None 

L 

H 

X 

L 

X 

X 

X 

X 

L-H 

HIgh-Z 

Deselected Cycle, Power¬ 
down 

None 

L 

X 

L 

H 

L 

X 

X 

. 

X 


High-Z 

Deselected Cycle, Power¬ 
down 

None 

L 


X 

Ip 

L 

X 

X||| 

X 


High-Z 

READ Cycle, Begin Burst 

External 

L 

L 

H 

L 

X 

X 

III X 

L 

illP' 

Q 

READ Cycle, Begin Burst 

External 

L 

■IP 

' H 

L 

X 

X 

X 

H 


High-Z 

WRITE Cycle, Begin Burst 

External 

L 

, L 

H 

H 

L 

X 


X 

L-H 

D 

READ Cycle, Begin Burst 

External 

L 

L 

H 

H 


X 

H 

L 

L-H 

Q 

READ Cycle, Begin Burst 

External 

L 

L 

H 

H 

mX i 

X 

IN 

H 

L-H 

High-Z 

READ Cycle, Continue Burst 

iSB|, 

X 

X 

X 

1||[ 

H 

L 

H 

L 

L-H 

Q 

READ Cycle, Continue Burst 

Next 

X 

X 


fl||| 

H 

L 

H 

H 

L-H 

HIgh-Z 

READ Cycle, Continue Burst 

Next 

H 

X 1 

X 

X 

III 

L 

H 

L 

L-H 

Q 

READ Cycle, Continue Burst 

Next 

H 

llili:. 

liif 

X 

W'^ 

L 

H 

H 

L-H 

High-Z 

WRITE Cycle, Contlfiue Burst 

Next 

X 

X 

X 

H 

H 

L 

L 

X 

L-H 

D 

WRITE Cycle, Continue Burst 

Next ,g|| 



If* 

X 

H 

L 

L 

X 

L-H 

D 

READ Cycte, Suspend Burst 

Current 


IlliJ 

Wk 

H 

H 

H 

H 

L 

L-H 

Q 

READ Cycle, Suspend Burst 

curiiii||ii 


X 

X 

H 

H 

H 

H 

H 

L-H 

HIgh-Z 

READ Cycle, Suspend Burst 

llllliii. 

lllll 

X 

X 

X 

H 

H 

H 

L 

L-H 

Q 

READ Cycle, Suspend Burst 

Curfillll 

H 

X 

X 

X 

H 

H 

H 

H 

L-H 

High-Z 

WRITE Cycle, Suspend Burst 

IlCyiili' 

X 

X 

X 

H 

H 

H 

L 

X 

L-H 

D 

WRITE Cycle, Suspend Burst 

Current 

H 

X 

X 

X 

H 

H 

L 

X 

L-H 

D 


NOTES: 

1 . X means ‘ctoni ca re/H me ans logic HIGH. L means logic LOW. WRITE = L means any one or more byte write enable signals (BWi, BW2, BW3 
or BW4) are LOW, WRITE » H means all byte write enable signals are HIGH. 

2 . BWt enables writes to Byte 1 (IDQi-DQs, DQPi). BW2 enables writes to Byte 2 (DQ9-DQ16, DQP2). BW3 enables writes to Byte 3 (DQ17-DQ24, 
DQPs). BW4 enables writes to Byte 4 (DQ25-DQ32, DQP4). 

3 . All Inputs except^ must meet setup and hold times around the rising edge (LOW to HIGH) of CLK. 

4 . Wait states are inserted by suspending burst. 

5 . For a write operation following a read operation, ^ must be HIGH before the input data required setup time and held HIGH throughout the 
input data hold time. 

6 . This contains circuitry that will ensure the outputs will be in High-Z during power-up. 

7 . PDIS disables the DQP lines when HIGH and enables the DQP lines when LOW. 

8 . ADSP LOW always Initiates an internal READ at the L-H edge of CLK. A WRITE is performed by setting one or nwre byte write enable signals 
LOW for the subsequent L-H edge of CLK. Refer to WRITE timing diagram for clarification. 
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32K X 36 Synchronous SRAM 


ADVANCE INFORMATION 


LH52V1036C4 


ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Voltage on Vcc Supply Relative to Vss 

-0.5 V to-1-4.6 V 

ViN 

-0.5 V to Vcc + 0.5 V 

Storage Temperature (Plastic) 

-55°Cto+150°C 

Junction Temperature 

+150°C 

Power Dissipation 

1.6W 

Short Circuit Output Current 

100 mA 


NOTE: 

1. Stresses greater than those listed under ‘Absolute Maximum BaUngs’ may cause permanent damage to the deviCd. This is a stress raSng only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of tils spedllGation is 
not implied. Exposure to absolute maximum rating condtions for ext^Tded penods may affect reliability. 


ELECTRICAL CHARACTERISTICS 

(0°C < Ta 2 70°C; Tc ^ 110°C; Vcc = 3.3 V i5% unless otherwise noted) 


DESCRIPTION 

cdiiliiiis 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


Vih 

ilPlii 

Vcc? 
0.5 V 

V 

1,2 

Input Low (Logic 0) VoHage 


VtL 

iilirf-3 

IF 0.8 

V 

1.2 

Input Leakage Current 

0 V < ViN ^ Vcc 

ilK 


1 

HA 


1 

Output Leakage Current 

1 Output(s) Disabled, 

0 V < VouT ^ Vcc 

III 

-1 

1 

HA 


Output High Voltage 

IOH = -4.0 mA 

li’lip 

2.4 


V 

1 

Output Low Voltage 

lOL = 8.0 mA 

IIPOL 


0.4 

V 

1 

Supply Volta^ 


Vcc 

3.1 

3.5 

V 

1 


NOTES; 

1. AB voltages referenced to Vss (GND). 

2. Overshoot Vih ^ Vcc + 2.0 V for t ^ tKci^2: Undershoot > -2.0 V for t < tKc/2. Power-up: Vih < Vcc + 2.0 V and Vcc ^ 3.1 V for 

t ^ 200 msec. 
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LH52V1036C4 


ADVANCE INFORMATION 


32K X 36 Synchronous SRAM 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < Ta < 70°C; Tc < 110°C; Vcc = 3.3 V ±5% unless otherwise noted) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

TYPICAL 

MAX. 

UNITS 

NOTES 


-7 

-10 

-12 

-15 

Power 

Supply 

Current: 

Operating 

Device Selected; all inputs < Vil or 
^ Vih; cycle time > tKc min; 

V(x = MAX; outputs open 

Icc 

■ijUK. 

250 

210 

180 

165 

mA 

1.2,3 

Power 

Supply 
Current: Idle 

Device Selected; ADSC, ADSP, 

ADV > Vih; all inputs < Vil or > Vih; 
Vcc = MAX; cycle time > tKC min 

ISBI 

50 

85 

70 

60 

55 

lllijj 

2,3 1 

CMOS 

Standby 

Device Deselected; Vcc = MAX; all 
inputs < Vss +0.2 or > Vcc ^2; all 
inputs static; CLK frequency = 0 

ISB2 

0.2 

2 

2 

lit. 

2l| 

iSftA 

2,3 

TTL Standby 

Device Deselected; all Inputs ^ Vit 
or > Vih; all inputs static; Vcc = 

MAX; CLK frequency = 0 

ISB 3 

10 

jII 

1 ii| 

ilik.. 

18 

mA 

2,3 

Clock 

Running 

1 Device Deselected; all inputs < Vil 
' or > Vih; Vcc = MAX; CLK cycle 
time > tKC min 

ISB 4 

20 

III* 

35 


25 

20 

mA 

2,3 


NOTES: 

1. tcc is given with no output current icc increases with greater output loading and faster cvcfe times. 

2. ‘Device Desel^ted’ means device Is In POWER-DOWN mode as defined In the truth table. ‘Device Selected’ means device is active (not in 
POWER-DOWN mode). 

3. Typical values are nfteasured at 3.3 V, 25®C and 20 ns cycle time. 


CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

TYP 

MAX 

UNITS 

NOTES 

Input Capacitance 

TA = 25"C;f=1 MHz 

iiVciiiii. "" 

Cl 

3 

4 

PF 

1 

InpuVOutput Capacitance (DQ) 

Co 

5 

6 

PF 

1 


NOTE: 

1. This parameter is sampled. 


THERMAL CONSIDERATIONS 



CONDITIONS 

SYMBOL 

TYP 

UNITS 

NOTES 

Thermal Resistance - Junction to Ambient 

Still Air 

ejA 

65 

°c/w 


Thermal Resistance-Junction to Case 

ejc 

6 

°c/w 


Maximum Case Temperature 


TC 

110 

°c 

1 


mJE: 

1. Sharp does not warrant the functionality or reliability of any product in which the case temperature exceeds 110‘"C. Care should be taken to limit 
case temperature to acceptable levels. 
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32K X 36 Synchronous SRAM 


ADVANCE INFORMATION 


LH52V1036C4 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS ^ 
(0°C < Ta < 70°C; Vcc = 3.3 V ±5%) 


DESCRIPTION 

SYMBOL 

-7 

-10 

-12 

-15 

UNITS 

NOTES 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

CLOCK 

Clock Cycle Time 

tKC 

15 


20 


25 


30 


ns 


Clock HIGH Time 

tKH 

5 


7 


9 


11 


ns 


Clock LOW Time 

tKL 

5 


7 


9 


11 


ns 


OUTPUT TIMES 

Clock to Output Valid 

tKQ 


7 


10 


12 


15 

ns 


Clock to Output Invalid 

tKQX 

3 


3 


3 


3 


ns 


Clock to Output in Low-Z 

tKQLZ 

5 


6 


6 


6 


ns 

2,3 

Clock to Output In High-Z 

tKQHZ 


5 


6 


6 


6 

ns 

2,3 

OE to Output Valid 

tOEQ 


5 


6 


7 


8 

— 

ns 

4 

OE to Output in Low-Z 

tOELZ 

0 


0 


0 


0 


ns 

2,3 

OE to Output in High-Z 

tOEHZ 


5 


6 


S 


6 

ns 

2,3 

SETUP TIMES 

Address 

tAS 

2.5 


3 


3 


3 


ns 

5,6 

Address Status (ADSC, ADSP) 

tADSS 

2.5 


3 


3 


3 


ns 

5,6 

Address Advance (ADV) 

tAAS 

2.5 


3 


3 


3 


ns 

5,6 

Byte Write Enables (BWi, 

BW 2 , BW3, 8 W 4 ) 

tws 

25 




3 


3 


ns 

5,6 

Detain 


2.5 


l►3 


3 


3 


ns 

5,6 

Chip Enables (CE, CE 2 , CE 2 ) 

tcHiiii 

2-5 


3 


3 


3 


ns 

5,6 

HOLD TIMES 

Address 

tAH 

0.5 


0.5 


0.5 


0.5 


ns 

5,6 

Address Status (ADSC, ADSP) 

tADSH 

0.5 


0.5 


0.5 


0.5 


ns 

5,6 

Address Advance (ADV) 

tAAH 

0.5 


0.5 


0.5 


0.5 


ns 

5,6 

Byte Write Enables pWi, 

BW 2 , BW 3 , BW 4 ) 

tWH 

0.5 


0.5 


0.5 


0.5 


ns 

5,6 

Data In 

tD 

0.5 


0.5 


0.5 


0.5 


ns 

5,6 

Chip Enables (CE, CE 2 , CE 2 ) 

tCEH 

0.5 


0.5 


0.5 


0.5 


ns 

5,6 


NOTES: 

1. Test conditlor^ as specified with the output loading as shown in Figure 3 unless otherwise noted. 

2. Output loacSng is specified with CL = 5 pF as in Rgure 4. Transition is measured ±500 mV from steady state voltage. 

3. Atiiiany given temperature and voltage condition, tKQHZ is less than tKQLZ and tOEHZ is less than tOELZ- 

4. ^ f$ a ^donl care’ when a byte write enable is sampled LOW. 

5. A READ cycle is defined by byte write enable s all HIGH or ADSP LOW for the required setup and hold times. A WRITE cycle is defined by at 
least one byte write enable LOW and ADSP HIGH for the required setup and hold times. 

6 . This is a synchronous device. All addresses must meet the specified setup and hold times for all rising edges of CLK when either ADSP or ADSC 
Is LOW and chip enabled. All other synchronous Inputs must meet the setup and hold times with stable l ogic lev el s for all rising edges 

of clock (CLK) when chip is enabled. Chip enable must be valid at each rising edge of CLK (when either ADSP or ADSC is LOW) to remain 
enabled. 


SHARR 
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LH52V1036C4 


ADVANCE INFORMATION 


32K X 36 Synchronous SRAM 


AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

Vssto3.0V 

Input Rise and Fall Times 

1.5 ns 

Input Timing Reference Levels 

1.5 V 

Output Reference Levels 

1.5 V 

Output Load 

See Figures 3 
and 4 
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Figures. Read Timing 


/ 



32K X 36 Synchronous SRAM ADVANCE INFORMATION LH52V1036C4 





Figure 6. Write Timing 



LH52V1036C4 ADVANCE INFORMATION 32K x 36 Synchronous SRAM 
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LH52V1036C4 


ADVANCE INFORMATION 


32K X 36 Synchronous SRAM 


APPLICATION INFORMATION 

32-Bit Wide Systems 

The Sharp 32K x 36 Synchronous SRAM may be used 
in a 32-bit-wide system without the use of any external 
components by connecting PDIS to Vcc. This disables 
the output buffer on the data parity input/output lines 
(DQPi, DQP 2 , DQPs and DQP 4 ). 

Load Derating Curves 

The Sharp 32K x 36 Synchronous SRAM timing is 
dependent upon the capacitive loading on the outputs. 
The data sheet is written assuming a load of 30 pF. Access 
time changes with load capacitance as follows: 

DtKQ = 0.03 ns/pF x ACl pF 

NOTE: this is preliminary information subject to (tonpe. 


For example, If the SRAM loading is 22 pF, ACl is 
-8 pF (8 pF less than rated load). The clock to 
valid output time of the SRAM Is reduced by 
0.03 X 8 = 0.24 ns. If the device is a 7 ns part, the worse 
case tKC becomes 6.76 ns. 

Consult the factory for copies of I/O current versus 
voltage curves and SPICE models. 

Depth Expansion 

Sharp 32K X 36 Synchronous SRAM incorporates 
two additional diip enables to facilitate simple d^h 
expansion* This permits easy cache upgrades from 32K 
dej:Xti to 64K depth with no extra logic as ^own in 
Figure 8. 


DATA 



Figure 8. Depth Expansion from 32K x 36 to 64K x 36 
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32K X 36 Synchronous SRAM 


ADVANCE INFORMATION 


LH52V1036C4 


APPLICATION EXAMPLES 



9.128K Byte Secondary Cache with Parity and Burst 
for 50 MHz 80486 Using One LHS2V1036-10 Synchronous SRAM 


ISF ISI' 361 


64-BIT 

MICROFBOCESS6R 


CLK CACHE 
CONTROL 
LOGIC 


QMARP 

SYNCHRONOUS 

SRAM 

BWi-BW4 


ADV ADSP 


Figure 10.256K Byte Secondary Cache with Parity and Burst 
for 66 MHz Pentium Microprocessor Using Two LH52V1036-7 Synchronous SRAMs 
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LH52V1036C4 


ADVANCE INFORMATION 


32K X 36 Synchronous SRAM 
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static RAM Cross Reference 


STATIC RAM CROSS REFERENCE 


ORGANIZATIONAL 

STRUCTURE 

SHARP MODEL 

COMPETITIVE 

VENDOR 

COMPETITIVE 

MODEL 

ACCESS TIME 

PACKAGE 

OPTIONS 

256x4 

LH5101 

Harris 

MWS5101 

300 ns 

DIP 

Intel 

2101 

Philips 

PCD5101 

1Kx4 

LH5114H 

AMD 

Am9114 

150 ns 

DIP 

Harris 

MWS5114 

Intel 

2114 

Philips 

PCD5114 

S-MOS 

SRM2114 

UMC 

UM6104 

2K X 8 w/CE, OE 

LH5116 

AMD 

Am9128 

100 ns 

DIP/SKDI P/SOP 

Harris 

CDM6116 

Hitachi 

HM6116A 

Hyundai 

HY6116 

Intel 

5116 

Matra HMS 

HM6116 

Mosel 

MS6516 

S-MOS 

SRM2016 

SGS-Thomson 

MK6116 

Sony 

CXK5816 

Toshiba 

TC5516 

UMC 

UM6116 

2K X 8 W/CE1, CE2 

LH5118 

S-MOS 

SRM2018 

100 ns 

DIP/SKDI P/SOP 

Toshiba 

TC5518 

32K X 8 Slow 

LH51256 

Oki 

MSM51256 

100/120 ns 

DIP/SOP 

Quality 

QS83285 

Sony 

CXK58267 

Toshiba 

TC55258 

8K X 8 Slow 

LH5168 

Fujitsu 

MB6464 

80/100 ns 

DIP/SKDIP/SOP/TSOP(l) 



Harris 

CDM6264 





Hitachi 

HM6264A 





Hyundai 

HY6264 





Intel 

5164 





Mitsubishi 

M5M5165 





Mosel 

MS6264L 





Motorola 

MCM60L64 





NEC 

UPD4464 





Oki 

MSM5165A 





S-MOS 

SRM2264 





Samsung 

KM6264 





SGS-Thomson 

IMS1630 





SGS-Thomson 

MK6264 





Sony 

CXK5864B 





Toshiba 

TC5563 





Toshiba 

TC5564 





Toshiba 

TC5565 





UMC 

UM6264 
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static RAM Cross Reference 


ORGANIZATIONAL 

STRUCTURE 

SHARP MODEL 

COMPETITIVE 

VENDOR 

COMPETITIVE 

MODEL 

ACCESS TIME 

PACKAGE 

OPTIONS 

8K X 8 Slow 

LH5268A 

Fujitsu 

MB8464 

100 ns 

DIP/SKDIP/SOP 



Harris 

CDM6264 





Hitachi 

HM6264A 





Hyundai 

HY6264 





Intel 

5164 





Mitsubishi 

M5M5165 





Mosel 

MS6264L 





Motorola 

MCM60L64 





NEC 

UPD4464 





Oki 

MSM5165A 





S-MOS 

SRM2264 





Samsung 

KM6264 





SGS-Thomson 

IMS1630 





SGS-Thomson 

MK6264 





Sony 

CXK5864B 





Toshiba 

TC5563 





Toshiba 

TC5564 





Toshiba 

TC5565 





UMC 

UM6264 



256K X 4 Fast 

LH521002 

Cypress 

CY7C106 

20/25/35 ns 

SOJ 



EDI 

EDI84256 





Hitachi 

HM624256 





IDT 

IDT71028 





Micron 

MT5C1005 





Mitsubishi 

M5M51004 





Motorola 

MCM6229 





National 

NMS1024X4 





NEC 

UPD431004 





Sony 

CXK541000 



128K X 8 Fast 

LH521007A/08 

Cypress 

CY7C109 

20/25/35 ns 

SOJ 



EDI 

EDI88128 





EDI 

EDI88130 





IDT 

IDT71024 





Micron 

MT5C1008 





Micron 

MT5C1009 





Motorola 

MCM6226 





National 

NMS1024X8 





Paradigm 

PDM41024 





Philips 

FCB61C1025 





Quality 

QS812880 





Sony 

CXK581020 



64Kx18Fast 

LH521028 

National 

NMS1024X18 

20/25/35 ns 

PLCC 
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static RAM Cross Reference 


ORGANIZATIONAL 

STRUCTURE 

SHARP MODEL 

COMPETITIVE 

VENDOR 

COMPETITIVE 

MODEL 

ACCESS TIME 

PACKAGE 

OPTIONS 

32K X 8 Slow 

LH52B256 

Catalyst 

CAT71C256 

70/100 ns 

DIP/SKDIP/SOP/TSOP(l) 



EDI 

EDI8832 





Fujitsu 

MB84256 





Harris 

CDM62256 





Hitachi 

HM62256 





Hyundai 

HY62C256 





IDT 

IDT71256 





Intel 

51256SL 





ISSI 

IS61C256 





Mitsubishi 

M5M5255 





Mitsubishi 

M5M5256 





Mosel 

MS62256L 





Motorola 

MCM60L256A 





NEC 

UPD43256 





NEC 

UPD43257 





Oki 

MSM51257 





Panasonic 

MN44256 





Philips 

FCB61C257 





S-MOS 

SRM20256 





Samsung 

KM62256 





SGS-Thomson 

MK48256 





Sony 

CXK58257 





Toshiba 

TC55256 





Toshiba 

TC55257 





UMC 

UM62256 



64K X 4 w/OE 

LH52253 

Cypress 

CY7C195 

20/25/35 ns 

DIP/SOJ 



EDI 

EDI8466 





Hitachi 

HM6709 





IDT 

IDT61298 





Matra MHS 






Micron 






Motorola 






Philips 






Toshiba 

TC55465 



32K X 8 Fast 

LH52258A 

Cypress 

CY7C199 

20/25/35/45 ns 

DIP/SOJ 



EDI 

EDI8834 





Fujitsu 

MB5298 





Hitachi 

HM62832 





Hyundai 

HY63C256 





Intel 

51256 





ISSI 

IS61C256 





Matra MHS 

HM65756 





Matra MHS 

M65656 





Micron 

MT5C2568 





Motorola 

MCM6206 





National 

NMS256X8 





NEC 

UPD43258 





Panasonic 

MN44251 





Paradigm 

PDM41256 





Quality 

QS83280 





Samsung 

KM68257 





Sony 

CXK58258 





Toshiba 

TC55328 





VLSI 

VT62832 
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CHOOSING A SHARP STATIC RAM 
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MASK-PROGRAMMABLE ROMs - 4 



PACKAGING - 7 









MASK-PROGRAMMABLE ROMs 



Density 

Organization 

Page 

LH53259 

256K 

32Kx8 

4-1 

LH53515 

512K 

64Kx8 

4-5 

LH53H0900 

1M 

128Kx8 

4-9 

LH530800A 

1M 

128Kx8 

4-13 

LH530800A-Y 

1M 

128Kx8 

4-17 

LH531000B 

1M 

128K X 8 

4-20 

LH532000B 

2M 

256K X 8/128K x 16 

4-24 

LH532000B-S 

2M 

256K X 8/128K x 16 

4-30 

LH532100B 

2M 

256K X 8 

4-36 

LH53H4000 

LH53H4100 

4M 

512K X 8/256K x 16 
512K X 8 

4-40 

LH534K00 

4M 

512K X 8 

4-41 

LH534P00 

4M 

512K X 8/256K x 16 

4-46 

LH534R00 

4M 

512Kx8 

4-51 

LH534000B 

4M 

512Kx8/256Kx 16 

4-56 

LH534000B-S 

4M 

512K X 8/256K x 16 

4-62 

LH534100B 

4M 

512Kx8 

4-68 

LH534500A 

4M 

512K X 8/256K x 16 

4-73 

LH534600A 

4M 

512K X 8/256K x 16 

4-79 

LH538P00A 

8M 

1Mx8/512Kx 16 

4-84 

LH538R00A 

8M 

1Mx8 

4-90 

LH538000-S 

8M 

1Mx8/512Kx 16 

4-95 

LH538300B 

8M 

1Mx8 

4-101 

LH538500B 

8M 

1Mx8/512Kx 16 

4-106 

LH538600 

8M 

1Mx8/512Kx 16 

4-113 

LH5316500C 

16M 

2Mx8/1Mx16 

4-120 

LH5316501 

16M 

2Mx8/1M X 16 

4-126 

LH5332500 

32M 

4M X 8/2M X 16 

4-131 



LH53259 


CMOS 256K (32K x 8) Mask-Programmable ROM 


FEATURES 

• 32,768 X 8 bit organization 

• Access time; 150 ns (MAX.) 

• Low-power consumption: 

Operating: 110 mW (MAX.) 

Standby: 82.5 pW (MAX.) 

• Programmable output enable 

• Static operation (Internal sync, system) 

• TTL compatible I/O 

• Three-state outputs 

• Single -h5 V power supply 

• Packages: 

28-pin, 600-mil DIP 
28-pin, 450-mil SOP 
44-pin, 10x10 mm^ QFP 

• JEDEC standard EPROM pinout (DIP) 

DESCRIPTION 

The LH53259 is a mask-programmable ROM organ¬ 
ized as 32,768 X 8 bits. It is fabricated using silicon-gate 
CMOS process technology. 


PIN CONNECTIONS 



Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 
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LH53259 


CMOS 256K Mask-Programmable ROM 



Vcc GND Dq Di D2 D3 D4 D5 De D7 


NOTE: Pin numbers apply to the 28-pin DIP or 28-pin SOP. 


53259-2 


Figure 2. LH53259 Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

NOTE 

Ao - Ai4 

Address input 


(5 

0 

0 

Data output 


CE 

Chip enable input 


OE/OE 

Output enable input 

1 


NOTE: _ 

1. The active level of OE/OE is mask-programmable. 

TRUTH TABLE 


SIGNAL 

PIN NAME 

NOTE 

Vcc 

Power supply (-»-5 V) 


GND 

Ground 


NC 

Non connection 



CE 

OE/M 

MODE 

Do - D/ 

SUPPLY CURRENT 

NOTE 

H 

X 

Non selected 

High-Z 

Standby 

1 

L 

L/H 

Operating 


H/L 

Selected 

Dout 



NOTE: 

1. X = HorL 
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CMOS 256K Mask-Programmable ROM 


LH53259 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

1 

Input voltage 

V|N 

-0.3 to Vcc +0.3 

V 

Output voltage 

VOUT 

-0.3 to Vcc +0.3 

V 

Operating temperature 

Topr 

0 to +70 



Storage temperature 

Tstg 

-55 to+150 




NOTE: 

1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

ViL 


-0.3 


0.8 

V 


Input ‘High’ voltage 

ViH 


2.2 


Vcc +0.3 

V 


Output ‘Low’ voltage 

VoL 

loL = 1.6 mA 



0.4 

V 


Output ‘High’ voltage 

VOH 

loH = -400 |iA 

2.4 



V 


Input leakage current 

ilLlI 

V|N = 0 V to Vcc 



10 

nA 


Output leakage current 

1 Ilo I 

VoUT = 0 V to Vcc 



10 

HA 

1 

Operating current 

lcci 

tRC = 150 ns 



20 

mA 

2 

lcC2 

tRC = 1 |is 



15 

ICC3 

tRC = 150 ns 



15 

mA 

3 

ICC4 

tRC = 1 |XS 



10 

Standby current 

ISB1 

X 

> 

II 

liu 

lo 



2 

mA 


ISB2 

CE = Vcc - 0.2 V 



15 

pA 



NOTES^ 

1. CE/OE = V|HorOE = VIL 

2. V|N = V|hA/|l, ^ = V|L, outputs open 

3- V|N = (Vcc - 0-2 V) or 0.2 V, ^ = 0.2 V, outputs open 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 

150 



ns 


Address access time 

tAA 



150 

ns 


Chip enable access time 

tACE 



150 

ns 


Output enable time 

tOE 

10 


80 

ns 


Output hold time 

tOH 

5 



ns 


CE to output in High-Z 

tCHZ 



70 

ns 

1 

OE to output in High-Z 

tOHZ 



70 

ns 


NOTE: 

1. This is the time required for the output to become high impedance. 


SHARP 
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LH53259 


CMOS 256K Mask-Programmable ROM 


AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.6 V to 2.4 V 

Input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

0.8 V and 2.2 V 

Output load condition 

1TTL+100pF 


CAPACITANCE (Vcc = 5 V ±10%, f = 1 MHz, Ta = 25‘^C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Input capacitance 

CiN 



10 

PF 

Output capacitance 

COUT 



10 

PF 


Jrc 






(_) 

( 


tAA(NOTE) 








\ 

K 


r 

tACE(NOTE) 



tcHZ 






} 

( 


\ 

/ 

( 



toE(NOTE) 



k>HZ 






_ / / /. 

7 5 

DATA VALID _ 


m2 

Ujj 



NOTE: Data becomes valid after the intervals t^A, tACE> toe from address 
inputs, chip enable and output enable, respectively have been met. 


Figures. Timing Diagram 


ORDERING INFORMATION 


LH53259 X -## 

Device Type Package Speed 

I I I- 15 150 Access Time (ns) 


f D 28-pin, 600-mll DIP (DIP28-P-600) 

A N 28-pin, 450-mil SOP (SOP28-P-450) 

[ M 44-pin, 10x10 mm^ QFP (QFP44-P-1010) 


CMOS 256K {32K x 8) Mask Programmable ROM 


Example: LH53259D-15 (CMOS 256K (32K x 8) Mask Programmable ROM, 150 ns, 28-pin, 600-mil DIP) 

_ 53259-6 
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LH53515 


CMOS 512K (64K x 8) Mask-Programmable ROM 


FEATURES 

• 65,536 X 8 bit organization 

• Access time: 150 ns (MAX.) 

• Low-power consumption: 

Operating: 195 mW (MAX.) 
Standby: 550 pW (MAX.) 

• Programmable output enable 

• Static operation (Internal sync, system) 

• TTL compatible I/O 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 

28-pin, 600-mil DIP 
28-pin, 450-mil SOP 
32-pin, 525-mil SOP 
44-pin, 10x10 mm^ QFP 

• JEDEC standard EPROM pinout (DIP) 

PIN CONNECTIONS 


32-PIN SOP 




TOP VIEW 

NClI 

f 

1 • 

32 

□ Vcc 


NCC 

2 

31 

□ nc 


A15CI 

3 

30 

□ nc 


A 12 IZ 

4 

29 

□ Ai4 


A 7 C 

5 

28 

^ Ai3 


AeC 

6 

27 

□ Ao 


AsC 

7 

26 

□ Ag 


A4EI 

8 

25 

Zl An 


A31I 

9 

24 

□ OE/OE 


AgC 

10 

23 

A 10 


A.C 

11 

22 



AqIZ 

12 

21 

□ Dr 


Dq C 

13 

20 

□ De 


Did 

14 

19 

□ Ds 


□2 c 

15 

18 

□ D 4 


GNDd 

16 

L. 

17 

□ D3 

53515-1A 


Figure 1. Pin Connections for SOP Package 


DESCRIPTION 

The LH53515 is a mask-programmable ROM organ¬ 
ized as 65,536 x 8 bits. It Is fabricated using silicon-gate 
CMOS process technology. 



Figure 2. Pin Connections for DIP, SOP, 
and QFP Packages 
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LH53515 


CMOS 512K Mask-Programmable ROM 



Figure 3. LH53515 Block Diagram 


PIN DESCRIPTION 



NOTE: _ 

1. Active level of OE/OE is mask-programmable. 


TRUTH TABLE 
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CMOS 512K Mask-Programmable ROM 


LH53515 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

1 

input voltage 

ViN 

-0.3 to Vcc +0.3 

V 

1 

Output voltage 

VOUT 

-0.3 to Vcc +0.3 

V 

1 

Operating temperature 

Topr 

0 to +70 

"C 


Storage temperature 

Tstg 

-55 to +150 

**0 



NOTE: 

1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70^C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

ViL 


-0.3 


0.8 

V 


Input ‘High’ voltage 

ViH 


2.2 


Vcc +0.3 

V 


Output ‘Low’ voltage 

VoL 

loL =1.6 mA 



0.4 

V 


Output ‘High’ voltage 

VOH 

lOH = -400 pA 

2.4 



V 


Input leakage current 

IlLli 

V|N = 0 V to Vcc 



10 

pA 


Output leakage current 

IIloI 

VouT = 0 V to Vcc 



10 

pA 

1 

Operating current 

Icci 

tRC = 150 ns 



35 

mA 

2 

ICC2 

1 

II 

o 



25 

ICC3 

tRC = 150 ns 



30 

mA 

3 

ICC4 

tRC = 1 ps 



20 

Standby current 

ISBI 

X 

> 

II 

|UJ 

lo 



2 

mA 


ISB2 

CE = Vcc - 0.2 V 



100 

pA 



NOTES: _ 

1. OE = V,Lor (5E/0E = V|H 

2. V,n = V,hA^,l.^ = V,l. outputs open 

3- V,N = (Vcc - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 


150 



ns 


Address access time 

tAA 





ns 


Chip enable access time 

tACE 




150 

ns 


Output enable time 

tOE 


10 


80 

ns 


Output hold time 

tOH 


5 



ns 


CE to output in High-Z 

tCHZ 




70 

ns 

1 

OE to output In High-Z 

tOHZ 




70 

ns 

1 


NOTE: 

1. This is the time required for the output to become high-impedance. 


SHARF> 
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LH53515 


CMOS 512K Mask-Programmable ROM 


AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.6 V to 2.4 V 

Input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

0.8 V and 2.2 V 

Output load condition 

1TTL+100 pF 


CAPACITANCE (Vcc = 5 V ±10%, f = 1 MHz, Ta = 25°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

input capacitance 

CiN 



10 

pF 

Output capacitance 

COUT 



10 

pF 


OE 

OE 


Dq- D 7 


♦rc 




A ,5 ) 

(_; 


tAA (NOTE) 


CE ^ 




tACE(NOTE) 



X 


tpE (NOTE) 




NOTE: Data becomes valid after the intervals t/vA. tACE* k>E address 
input, chip enable and output enable, respectively have been met. 


X 


JCHZ 


X 


k>HZ 


DATA VALID 


m 




Figure 4. Timing Diagram 


ORDERING INFORMATION 


LH53515 X -## 

Device Type Package Speed 

I- 15 150 Access Time (ns) 

f D 28-pin. 600-mil DIP (DIP28-P-600) 

_ N 28-pin, 450-mil SOP (SOP28-P-450) 

M 44-pin, 10x10 mm^ QFP (QFP44-P-1010) 

[ Z 32-pin, 525-mil SOP (SOP32-P-525) 

- CMOS 512K (64K x 8) Mask Programmable ROM 


Example: LH53515D-15 (CMOS 512K (64K x 8) Mask Programmable ROM, 150 ns, 28-pin, 600-mil DIP) 

_53515-6 
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CMOS 1M (128K X 8) Mask-Programmable ROM 


FEATURES 

• 131,072 X 8 bit organization 

• Access time: 55 ns (MAX.) 

• Power consumption: 

Operating: 660 mW (MAX.) 
Standby: 440 mW (MAX.) 

• Fuiiy-static operation 

• TTL compatibie I/O 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 

32-pin, 600-mil DIP 
32-pin, 525-mil SOP 

• JEDEC standard EPROM pinout (DIP) 


DESCRIPTION 

The LH53H0900 is a high speed mask-programma- 
bie ROM organized as 131,072 x 8 bits (1,048,576 bits). 
It is fabricated using silicon-gate CMOS process tech¬ 
nology. 


PIN CONNECTIONS 


32-PIN DIP 





TOP VIEW 

32-PIN SOP 







NCC 

1 • 

32 




AieCI 

2 

31 

□ nc 



AistI 

3 

30 

□nc 



A12I— 

4 

29 

□ Ai4 



A 7 I 1 

5 

28 

^Ai3 



AeC 

6 

27 

ZJAg 



AsC 

7 

26 

11 A 9 



A 4 IZ 

8 

25 




AaC 

9 

24 

□ OE 



A2 c 

10 

23 

^ A10 



Aid 

11 

22 




AoC 

12 

21 

□ D 7 



Dod 

13 

20 

ZJDe 



Did 

14 

19 

□ D5 



□2 d 

15 

18 

□ D4 



GNDd 

16 

1 

17 

J 

□ D 3 







53H0900-1 


Figure 1. Pin Connections for DIP and 
SOP Packages 
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LH53H0900 


PRELIMINARY 


CMOS 1M Mask-Programmable ROM 



Figure 2. LH53H0900 Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

CO 

< 

Address input 

D 

o 

Data output 

cs 

Chip Select input 


TRUTH TABLE 


SIGNAL 

PIN NAME 


Output Enable input 

Vcc 

Power supply (+5 V) 

GND 

Ground 



NOTE: 

1. X = HorL 
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CMOS 1M Mask-Programmable ROM 


PRELIMINARY 


LH53H0900 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vcc 

-0.3 to -1-7.0 

V 

1 

Input voltage 

ViN 

-0.3 to Vcc +0.3 

V 

Output voltage 

VOUT 

-0.3 to Vcc +0.3 

V 

Operating temperature 

Topr 

0 to -1-70 

‘’C 


Storage temperature 

Tstg 

-55 to+150 




NOTE: 

1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70‘^C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

VlL 


-0.3 


0.8 

V 


Input ‘High’ voltage 

ViH 


2.2 


Vcc +0.3 

V 


Output ‘Low’ voltage 

VoL 

loL = 3.2 mA 



0.4 

V 


Output ‘High’ voltage 

VOH 

lOH = -1.0 mA 

2.4 



V 


Input leakage current 

ilLlI 

ViN = 0 V or Vcc 



10 

nA 


Output leakage current 

IIloI 

VouT = 0 V or Vcc 



10 


1 

Operating current 

Icci 

tRc = 55 ns 



120 

mA 

2 

ICC2 

tRC = 55 ns 



110 

mA 

3 

Standby current 

iSB 

ViH 



80 

mA 



NOTES^ 

1. CS/OE = V|h 

2 . V,N = V|hA/|l, CS = V|L, outputs open 

3. V,N = (Vcc - 0-2 V). 0.2 V, ^ = 0.2 V, outputs open 

AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 



TYP. 



NOTE 

Read cycle time 


55 



ns 


Address access time 

tAA 



55 

ns 


Chip select time 

tACS 



55 

ns 


Output enable time 

tOE 



25 

ns 


Output hold time 

tOH 

0 



ns 


CE to output in High-Z 

tCHZ 



25 

ns 

1 

OE to output in High-Z 

tOHZ 



25 

ns 


NOTE: 

1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

OVto 3.0V 

Input rise/fall time 

5 ns 

Input reference level 

1.5 V 

Output load condition 

1TTL + 30 pF 


SHARR 
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LH53H0900 


PRELIMINARY 


CMOS 1M Mask-Programmable ROM 


CAPACITANCE (Vcc = 5 V ±10%, f = 1 MHz, Ta = 25X) 


PARAMETER 


Input capacitance Cin 

Output capacitance Gout 

CAUTION 

To stablize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 



NOTE: Data becomes valid after the intervals t/^cs> k}E trom address 
input and output enable input respectively, have been met 


Figure 3. Timing Diagram 


ORDERING INFORMATION 


LH53H0900 
Device Type 


X 

Package 


55 Access Time (ns) 


^ D 32-pin, 600-mil DIP (DIP32-P-600) 

. N 32-pln, 525-mil SOP (SOP32-P-525) 


CMOS 1M (128K X 8) Mask Programmable ROM 


Example: LH53H0900D-55 (CMOS 1M (128K x 8) Mask Programmable ROM, 55 ns, 32-pin, 600-mil DIP) 
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CMOS 1M (128K X 8) Mask-Programmable ROM 


FEATURES 

• 131,072 X 8 bit organization 

• Access time: 150 ns (MAX.) 

• Power consumption: 

Operating: 193 mW (MAX.) 

Standby: 550 pW (MAX.) 

• Fuliy-static operation 

• TTL compatible i/O 

• Three-state outputs 

• Singie +5 V power suppiy 

• Packages: 

32-pin, 600-mii DiP 
32-pin, 525-mii SOP 
44-pin, 10x10 mm^ QFP 

• JEDEC standard EPROM pinout (DIP) 

DESCRIPTION 

The LH530800A is a mask-programmable ROM 
organized as 1 31,072 x 8 bits (1 ,048,576 bits). It is fab¬ 
ricated using silicon-gate CMOS process technology. 


PIN CONNECTIONS 



Figure 1. Pin Connections for DiP, SOP, 
and QFP Packages 


SHARP 
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LH530800A 


CMOS 1M Mask-Programmable ROM 


Ai6 

Ai5 

Ai4 

Ai3 

Ai2 

Aii 

Aio 

Ag 

Ae 

A7 

Ae 

A5 

A 4 

A3 

Ag 

Ai 

Ao 


CE/CE 


OE/OE 



NOTE: Pin numbers apply to the 32-pin DIP. 


GND 


Dq D2 D3 D4 D5 Ds D7 

530800-2 


Figure 2. LH530800A Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

NOTE 

Ao - Ai6 

Address input 


Do - D 7 

Data Output 


CE/CE 

Chip enable input 

1 


SIGNAL 

PIN NAME 

NOTE 

oeoE 

Output enable input 

1 

Vcc 

Power supply (+5 V) 


GND 

Ground 



NOTE: 

1. Active levels of CE/CE and OE/CE are mask-programmable. 

TRUTH TABLE 


CE/Ci 

oeoE 

MODE 

D 0 -D 7 

SUPPLY CURRENT 

NOTE 

UH 

X 

Non selected 

High-Z 

Standby (Isb) 

1 

H/L 

UH 

Non selected 

High-Z 

Operating (Ice) 


H/L 

H/L 

Selected 

Dout 

Operating (Ice) 



NOTE: 

1. X=HorL 
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CMOS 1M Mask-Programmable ROM 


LH530800A 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

1 

Input voltage 

ViN 

-0.3 to Vcc +0.3 

V 

Output voltage 

VOUT 

-0.3 to Vcc +0.3 

V 

Operating temperature 

Topr 

Oto+70 



Storage temperature 

Tstg 

-55 to +150 




NOTE: 

1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

ViL 


-0.3 


0.8 

V 


Input ‘High’ voltage 

ViH 


2.2 


Vcc + 0.3 

V 


Output ‘Low’ voltage 

VoL 

loL =1.6 mA 



0.4 

V 


Output ‘High’ voltage 

VOH 

lOH = -400 pA 

2.4 



V 


Input leakage current 

IIliI 

V|N = 0 V to Vcc 



10 

pA 


Output leakage current 

1 Ilo I 

VouT = 0 V to Vcc 



10 

pA 

1 

Operating current 

lcci 

tRC = 150 ns 



35 

mA 

2 

Icc 2 

tRC = 1 pS 



25 

ICC3 

tRC = 150 ns 



30 

mA 

3 

ICC4 

tRC = 1 pS 



20 

Standby current 

ISB1 

CE = ViL, CE = ViH 



2 

mA 


ISB2 

^ = Vcc - 0.2 V, 

CE = 0.2 V 



100 

pA 



NOTK^ 

1. CE/OE = V,HorCE/OE = V,L 

2. V|N = V|hA/|l, ^ = V|L, CE = V|H, outputs open 

3. V,N = (Vcc " 0-2 V) or 0.2 V, ^ = 0.2 V. CE = Vcc - 0-2 V, outputs open 

AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 



TYP. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 




ns 


Address access time 

tAA 



150 

ns 


Chip enable time 

tACE 



150 

ns 


Output enable time 

tOE 

10 


80 

ns 


Output hold time 

tOH 

5 



ns 


CE to output in High-Z 

tCHZ 



70 

ns 

1 

OE to output in High-Z 

tOHZ 



70 

ns 


NOTE: 

1. This Is the time required for the output to become high-impedance. 


SHARR 
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LH530800A 


CMOS 1M Mask-Programmable ROM 


AC TEST CONDITIONS 


PARAMETER j 

RATING 

Input voltage amplitude 

0.6 V to 2.4 V 

Input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

0.8 V and 2.2 V 

Output load condition 

1TTL+100 pF 


CAPACITANCE (Vcc = 5 V ±10%, f = 1 MHz, Ta = 25°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Input capacitance 

ClN 



10 

pF 

Output capacitance 

COUT 



10 

pF 


Ao“ 

CE 

OE 

OE 

Dq- D7 


_|rc 





) 

( _ ) 



tAA(NOTE) 










/ 

\ _ 


tACE(NOTE) 



tcHZ 







( .. 


> 

( 



toE (NOTE) 



toHZ 






( ( (\ 

1 

[ _ 

DATA VALID 



UiJ 

'/ / / 



toH 




NOTE: Data becomes valid after t/^, t^cE- toE froni address 

input, chip enable and output enable, respectively have been met. 


Figure 3. Timing Diagram 


ORDERING INFORMATION 


LH53( 

Device 

)800A 

jType Pac 

K -## 

kage Speed 

1- 15 150 Access Time (ns) 

r D 32-pin, 600-mil DIP (DIP32-P-600) 

- M 44-pin, 10x10 mm^ QFP (QFP44-P-1010) 

L N 32-pin, 525-mil SOP (SOP32-P-525) 

nKArid 1K4 /iOQU' v Q\ MooLr Dr/^rlrommoKlA 

Example: LH530800AD-15 (CMOS 1M (128K x 8) Mask Programmable ROM, 150 ns, 32-pin, 600-mil DIP) 

530800-6 
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LH530800A-Y 


PRELIMINARY 

CMOS1M(128Kx8) 
Mask-Programmable ROM 


FEATURES 

• 131,072 X 8 bit organization 

• Access time: 

500 ns (MAX.) at 2.6 V ^ Vcc < 4.5 V 
150 ns (MAX.) at 4.5 V < Vcc < 5.5 V 

• Low-power consumption: 

Operating: 193 mW (MAX.) 

Standby: 550 pW (MAX.) 

• Fully-static operation 

• Three-state outputs 

• Mask-programmable control pin: 

Pin 24 = OE/OE 

• Wide range power supply: 

2.6 V to 5.5 V 

• Packages: 

32-pin, 600-mil DIP 
32-pin, 525-mil SOP 
44-pin, 10x10 mm^ QFP 

DESCRIPTION 

The LH530800A-Y is a 1 M-bit mask-programmable 
ROM organized as 131,072 x 8 bits. It is fabricated 
using silicon-gate CMOS process technology. 


PIN CONNECTIONS 



Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 


SHARP 
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LH530800A-Y 


CMOS 1M Mask-Programmable ROM 



530800A-Y-2 


Figure 2. LH530800A-Y Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

NOTE 

Ao - Ai6 

Address input 


o 

Q 

Data Output 


CE 

Chip enable input 


OE/^ 

Output enable input 

1 


NOTE: _ 

1. Active levels of OE/OE are mask-programmable. 

TRUTH TABLE 


SIGNAL 

PIN NAME 

NOTE 

Vcc 

Power supply 


GND 

Ground 


NO 

Non connection 



CE 

oeM 

Do - D? 

SUPPLY CURRENT 

NOTE 

H 

X 

High-Z 

Standby (Isb) 

1 

L 

L/H 

High-Z 

Operating (Ice) 


L 

H/L 

Dout 

Operating (Ice) 



NOTE: 

1. X=HorL 


4-18 


SHARR 











CMOS 1M Mask>Programmable ROM 


LH530800A-Y 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

Input voltage 

ViN 

-0.3 to Vcc +0.3 

V 

Output voltage 

VOUT 

-0.3 to Vcc +0.3 

V 

Operating temperature 

Topr 

0 to +70 

"C 

Storage temperature 

Tstg 

-65 to+150 

"C 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

2.6 


5.5 

V 


DC CHARACTERISTICS (Vcc = 2.6 V to 5.5 V, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

ViL 


-0.3 


0.4 

V 


Input ‘High’ voltage 

ViH 


0.8 X Vcc 


Vcc + 0.3 

V 


Output ‘Low’ voltage 

VoL 

lOL = 400 pA 



0.4 

V 


Output ‘High’ voltage 

VOH 

lOH = -100 pA 

0.8 X Vcc 



V 


input leakage current 

Mu I 

ViN = 0 V to Vcc 



10 

pA 


Output leakage 
current 

IIloI 

VoUT = 0 V to Vcc 



10 

pA 

1 

Operating current 

Icci 

tRC = 150 ns 



35 

mA 

2 

ICC2 

tRc = 500 ns 



18 

mA 

3 

ICC3 

tRC = 500 ns 



12 

mA 

4 

Standby current 

ISB1 

X 

> 

II 

|LU 

lo 



2 

mA 


ISB2 

CE = Vcc - 0.2 V 



100 

pA 


Input capacitance 

CiN 

f = 1 MHz, tA = 25°C 



10 

PF 


Output capacitance 

Gout 



10 

PF 



NOTK]_ 

1. CE/OE = V|H, OE = V|L, outputs open 

2. 4.5V^Vcc <5.5V 

3. 3.4 V < Vcc < 4.5 V 

4. 2.6 V < Vcc ^ 3.4 V 


ORDERING INFORMATION 


LH530 

Device 

300A-Y 

3 Type Pac 

K -## 

kage Speed 

^- 50 500 Access Time (ns) 

r D 32-pln, 600-mil DIP (DIP32-P-600) 

- M 44-pin, 10x10 mm* QFP (QFP44-P-1010) 

[ N 32-pin, 525-mil SOP (SOP32-P-525) 

r'kJirtC IM l-toaif v a\ DrnnramrY.,.KIa OnHil 

Example: LH530800A-YD-50 (CMOS 1M (128K x 8) Mask-Programnnable ROM, 150 ns, 32-pin, 600-mil DIP) 

530800A-Y-3 


SHARR 
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CMOS 1M (128K X 8) Mask-Programmable ROM 


FEATURES 

• 131,072 X 8 bit organization 

• Access time: 150 ns (MAX.) 

• Low power consumption: 

Operating: 192.5 mW (MAX.) 
Standby: 550 pW (MAX.) 

• Programmable CE/CE or OE/OE 

• Static operation (Internal sync, system) 

• TTL compatible I/O 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 

28-pin, 600-mii DIP 
28-pin, 450-mil SOP 
44-pin, 14x14 mm^ QFP 

• Mask ROM specific pinout 


DESCRIPTION 

The LH531000B is a mask-programmable ROM 
organized as 131,072 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 


PIN CONNECTIONS 



Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 
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CMOS 1M Mask-Programmable ROM 


LH531000B 



NOTE: Pin numbers apply to the 28-pin DIP. 


GND 


D4 


Figure 2. LH531000B Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

NOTE 

Ao - Ai6 

Address input 


Do - D? 

Data output 


Ce^OE/OE 

Chip Enable input or 
Output Enable input 

1 


NOTE: _ _ 

1. Active level of CE/CE or OE/OE is mask-programmable. 

TRUTH TABLE 


SIGNAL 

PIN NAME 

NOTE 

Vcc 

Power supply (-i-5 V) 


GND 

Ground 



PIN 20 (DIP/SOP) 
or PIN 34 (QFP) 

cecE 

OE/OE 

MODE 

Do - D 7 

SUPPLY CURRENT 

CE type 

H/L 

— 

Selected 

Dout 

Operating (ICC) 

L/H 

— 

Non selected 

High-Z 

Standby (Isb) 

OE type 

— 

H/L 

Selected 

Dout 

Operating (ICC) 

— 

L/H 

Non selected 

High-Z 


SHARR 
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LH531000B 


CMOS 1M Mask-Programmable ROM 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

1 

Input voltage 

V|N 

-0.3 to Vcc +0.3 

V 

Output voltage 

VOUT 

-0.3 to Vcc+0.3 

V 

Operating temperature 

Topr 

Oto+70 

X 


Storage temperature 

Tstg 

-55 to +150 

"C 



NOTE: 

1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

ViL 


-0.3 


0.8 

V 


Input ‘High’ voltage 

ViH 


2.2 


Vcc +0.3 

V 


Output ‘Low’ voltage 

VoL 

loL =1.6 mA 



0.4 

V 


Output ‘High’ voltage 

VOH 

lOH = -400 jiA 

2.4 



V 


Input leakage current 

IlLli 

ViN = 0 V to Vcc 



10 

ma 


Output leakage current 

1 Ilo I 

VouT = 0 V to Vcc 



10 

pA 

1 

Operating current 

Icci 

tRC = 150 ns 



35 

mA 

2 

ICC2 

tRC = 1 |.IS 



25 

ICC3 

tRC = 150 ns 



30 

mA 

3 

ICC4 

tRC = 1 |XS 



20 

Standby current 

ISBI 

^ = ViH, CE = ViL 



2 

mA 

4 

ISB2 

^ = Vcc - 0.2 V, CE = 0.2 V 



100 

pA 


NOTES: 

1. CE/OE = V,L, CE/OE = V|H 

2. V|N = VihA^il, CE = V|H, ^ = V|L (CE type), outputs open 

3. V|N = (Vcc " 0-2 V) or 0.2 V. CE = Vcc " 0-2 V, CE = 0.2 V (CE type), outputs open 

4. CE type only 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 


150 



ns 


Address access time 

tAA 




150 

ns 


Chip enable access time 

tACE 

CE type 



150 

ns 


Output enable time 

tOE 

OE type 

10 


80 

ns 


Output hold time 

tOH 


5 



ns 


CE to output in High-Z 

tCHZ 

CE type 



70 

ns 

1 

OE to output in High-Z 

tOHZ 

OE type 



70 

ns 


NOTE: 

1. This is the time required for the output to become high-impedance. 
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CMOS 1M Mask-Programmable ROM 


LH531000B 


AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.6 V to 2.4 V 

Input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

0.8 V and 2.2 V 

Output load condition 

ITTL+IOOpF 


CAPACITANCE (Vcc = 5 V ±10%, f = 1 MHz, Ta = 25X) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Input capacitance 

CiN 



10 

PF 

Output capacitance 

Gout 



10 

PF 



*RC 



Ao - Ai6 ^ 

( _ ) 

( 


tAA(NOTE) 






) 

( 



^ (CE TYPE) 


tACE(NOTE) 



tcHZ 






OE -Y 

_A_ 


) 

( 

(OE TYPE) 

Dn - Dn 

toE(NOTE) 



^HZ 




( ( (\ 


ATA VALID ] 




^ / / / 



k>H 



NOTE: Data becomes valid after t^A. tACE. toe from address 

input, chip enable, and output enable, respectively have been met. 


531000B-3 


Figures. TimiitgDiagram 


ORDERING INFORMATION 


LH53 

Device 

1000B 

3 Type Pac 

K -## 

kage Speed 

1- 15 150 Access Time (ns) 

f D 28-pin, 600-mil DIP (DIP28-P-600) 

- N 28-pin, 450-mil SOP (SOP28-P-450) 

[ M 44-pin, 14 x 14 mm= QFP (QFP44-P-1414) 

Example: LH531000BD-15 (CMOS 1M (128K x 8) Mask Programmable ROM, 150 ns, 28-pin, 600-mil DIP) 

531000B-7 
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LH532000B 


CMOS 2M (256K x 8/128K x 16) 
Mask-Programmable ROM 


FEATURES 

• Selectable memory organization: 

262,144 X 8 bit (byte mode) 

131,072 X 16 bit (word mode) 

• BYTE input pin selects bit configuration 

• Access time: 120/150 ns (MAX.) 

• Low-power consumption: 

Operating: 275 mW (M/0<.) 

Standby: 550 pW (MAX.) 

• Programmable OE/OE and OE 1 /OE 1 /DC 

• Static operation (Internal sync, system) 

• TTL compatible I/O 

• Three-state outputs 

• Single +5 V power supply 


• Packages: 

40-pin, 600-mii DIP 
40-pin, 525-mil SOP 
48-pin, 12x18 mm^ TSOP (Type I) 
44-pin, 14x14 mm^ QFP 
44-pin, 10 X 10 mm^ QFP 

• x16 word-wide pinout 

DESCRIPTION 

The LH532000B is a 2M bit mask-programmable 
ROM with two programmable memory organizations, 
byte and word modes. It is fabricated using silicon-gate 
CMOS process technology. 
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CMOS 2M Mask-Programmable ROM 


LH532000B 
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LH532000B 


CMOS 2M Mask-Programmable ROM 





MEMORY 
MATRIX 
(262,144 X 8) 
(131,072 X 16) 



I 


1 

i 

m 

m 

p 

M 


CE 

BUFFER 


TIMING 

GENERATOR 


SENSE AMPLIFIER 


OE^/OEi/^ W 
OE/OE 


OE 

BUFFER 


BYTE/WORD 

SWITCHOVER 

CIRCUIT 


ADDRESS 

BUFFER 


I 


NOTE: Pin numbers apply to the 40-pin DIP 


Vcc GND 


Figure 3. LH532000B Block Diagram 


PIN DESCRIPTION 


A-1 I 

Address input (BYTE mode) 

1 


OEi/OEi/DC 

> 

O) 

Address input 




Do - Di5 

Data output 



BYTE 


Chip enable input 



Vcc 

OE/OE 

Output enable input 

2 


GND 


Don’t care 
BYTE/WORD switch 
Power supply (+5 V) 
Ground 


NOTES: 

1. D^s/A.^ pin becomes LSB address input (A .i) whe n the bit configuration is set in byte mode, 
and data output (D^s) when in word mode. BYTE input pin selects bit configuration. 

2. The active levels of OE/OE and OEi/OEi/DC are mask-programmable. 

Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 
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CMOS 2M Mask-Programmable ROM 


LH532000B 


TRUTH TABLE 



oe^ 

OEi/OEi 

WfE 

A-i 

MODE 

Do ■ Dr 

Ds- Di5 

SUPPLY CURRENT 

H 

X 

X 

X 

X 

Non selected 

High-Z 

Standby (Isb) 

L 

UH 

X 

X 

X 

Non selected 

High-Z 

Operating (Ice) 

L 

X 

UH 

X 

X 

Non selected 

High-Z 

Operating (Ice) 

L 

H/L 

H/L 

H 

Inhibit 

Word 

Do" D? 

Ds - Di5 

Operating (Ice) 

L 

H/L 

H/L 

L 

L 

Byte 

Do - D? 

High-Z 

Operating (Ice) 

L 

H/L 

H/L 

L 

H 

Byte 

Do - Di5 

High-Z 

Operating (Ice) 


NOTE: 

1. X = HorL 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

1 

Input voltage 

ViN 

-0.3 to Vcc +0.3 

V 

Output voltage 

VOUT 

-0.3 to Vcc +0.3 

V 

Operating temperature 

Topr 

0 to +70 



Storage temperature 

Tstg 

-55 to +150 




NOTE: 

1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

ViL 


-0.3 


0.8 

V 


Input ‘High’ voltage 

ViH 


2.2 


Vcc +0.3 

V 


Output ‘Low’ voltage 

VoL 

lOL = 2.0 mA 



0.4 

V 


Output ‘High’ voltage 

VOH 

lOH = ”400 pA 

2.4 



V 


input leakage current 

ilLlI 

ViN = 0 V to Vcc 



10 

pA 


Output leakage current 

MloI 

VoUT = 0 V to Vcc 



10 

HA 

1 

Operating current 

lcci 

tRC = tRc (MIN.) 



50 

mA 

2 

ICC2 

tRC = 1 |iS 



45 

ICC3 

tRC = tRc (MIN.) 



45 

mA 

3 

ICC4 

to 

It 

II 

o 



40 

Standby current 

ISB1 

I 
> 

II 
|UJ 

lo 



3 

mA 


ISB2 

CE = Vcc ” 0.2 V 



100 

pA 



NOTES: 

1. OE/OEi= V,l.^OE/OEi= V|H 

2. V,N = V|hA/|l. CE = V|L, outputs open 

3. V,N = (Vcc - 0.2 V) or 0.2 V, ^ = 0.2 V, outputs open 

CAUTION 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 
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LH532000B 


CMOS 2M Mask-Programmable ROM 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

MIN. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 

120 


150 


ns 


Address access time 

tAA 


120 


150 

ns 


Chip enable access time 

tACE 


120 


150 

ns 


Output enable delay time 

tOE 


55 

10 

70 

ns 


Output hold time 

tOH 

5 


10 


ns 


CE to output in High-Z 

tCHZ 


55 


70 

ns 

1 

OE to output in High-Z 

tOHZ 


55 


70 

ns 


NOTE: 

1. This is the time required for the output to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

input voltage amplitude 

0.6 V to 2.4 V 

Input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

0.8 V and 2.2 V 

Output load condition 

1TTL+100 pF 


CAPACITANCE (Vcc = 5 V ±10%, f = 1 MHz, Ta = 25X) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Input capacitance 

CiN 



10 

pF 

Output capacitance 

COUT 



10 

pF 


(NOTE 2) 

A-1 - A^6 

(Ao-Aie) _ 


X 


fflC 


tAA(NOTE 1) 


X 


CE 


OE/OEi - 

OE/OEi - 

(NOTE 2) 
Dq- D 7 

(D 0 -D 15 ) 


\ 


1 

toE(NOTEI) 


m 


NOTES: 

1. Data becomes valid after t/^, t^cE* ^oe address 
input, chip enable or output enable, respectively have been met. 

2. Applied to byte mode. Signals in parentheses apply to word mode. 




fpHZ 


X 


k)HZ 


DATA VALID 


m 


_bH 


532000B-3 


Figure 4. Timing Diagram 
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CMOS 2M Mask-Programmable ROM 


LH532000B 


ORDERING INFORMATION 


LH532000B 
Device Type 


X -## 


Package Speed 



120 

. Access Time (ns) 


40-pin, 600-mil DIP (DIP40-P-600) 

44-pin, 14x14 mm^ QFP (QFP44-P-1414) 

40-pin, 525-mil SOP (SOP40-P-525) 

48-pin, 12 X 18 mm^ TSOP (Type I) (TSOP48-P-1218) 
44-pin, 10x10 mm^ QFP (QFP44-P-1010) 


CMOS 2M (256K x 8 or 128K x 16) Mask Programmable ROM 


Example: LH532000BD-15 (CMOS 2M (256K x 8 or 128K x 16) Mask Programmable ROM, 
150 ns, 28-pin, 600-mil DIP) 


SHARR 
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LH532000B-S 


PRELIMINARY 

CMOS 2M (256K x 8/128K x 16) 
3 V-Drive Mask-Programmable ROM 


FEATURES 

• Low-power supply: 

2.6 to 5.5 V 

• 262,144 X 8 bit organization 

(Byte mode) 

131,072 X 16 bit organization 
(Word mode) 

• Access time: 

500 ns (MAX.) at 2.6 V < Vcc < 4.5 V 
150 ns (MAX.) at 4.5 V < Vcc ^ 5.5 V 

• Static operation 

• Three-state outputs 


• Packages: 

40-pin, 600-mil DIP 
40-pin, 525-mil SOP 
44-pin, 10x10 mm^ QFP 
44-pin, 14x14 mm^ QFP 
48-pin, 12x18 mm^ TSOP (Type I) 

DESCRIPTION 

The LH532000B-S is a CMOS 4M-bit mask-program¬ 
mable ROM organized as 262,144 x 8 bits (Byte mode) 
or 131,07 2 X 16 bits (Word mode) that can be selected 
by BYTE input pin. 

It is suited for use in compact battery back-up sys¬ 
tems due to be operated on 3 V power supply. 
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CMOS 2M Mask-Programmable ROM 


PRELIMINARY 


LH532000B-S 











































LH532000B-S 


PRELIMINARY 


CMOS 2M Mask-Programmable ROM 



Figure 3. LH532000B-S Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

NOTE 

A-i - Ai6 

Address input 


Do - Di5 

Data output 


BYTE 

Byte/word switch 

1 


Chip enable input 

2 


SIGNAL 

PIN NAME 

NOTE 

OE/OE 

Output enable input 

2 

OEi/^i/DC 

Output enable input 

2 

Vcc 

Power supply 


GND 

Ground 

_I 



NOTES: _ 

1. The Dis/A.^ pin becomes LSB address input (A.^) when the BYTE pin is set to be LOW in byte mode, and data output (D^s) when set to 
be HIGH in word mode. 

2. Active levels of OE/OE and OE 1 /OE 1 /DC are mask-programmable. 
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CMOS 2M Mask-Programmable ROM 


PRELIMINARY 


LH532000B-S 


TRUTH TABLE 


CE 

oeoE 

OEi/OEi 

BYTE 

A.1 

(Dis) 

DATA OUTPUT 

ADDRESS INPUT 

SUPPLY CURRENT 

Do-Dr 

Do - Di5 

LSB 

MSB 

H 

X 

X 

X 

X 

High-Z 

High-Z 

- 

- 

Standby 

L 

UH 

X 

X 

X 

High-Z 

High-Z 

- 

- 

Operating 

L 

X 

UH 

X 

X 

High-Z 

High-Z 

- 

- 

Operating 

L 

H/L 

H/L 

H 

- 

Q 

o 

Q 

Da - Di5 

Ao 

Ai6 

Operating 

L 

H/L 

H/L 

L 

L 

Q 

o 

Q 

High-Z 

A.1 

Ai6 

Operating 

L 

H/L 

H/L 

L 

H 

Da - Di5 

High-Z 

A-i 

Ai6 

Operating 


NOTE: 

X = Don’t care, High-Z = High-impedance 

ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

Supply voltage 

Vcc 

-0.3 to -j-7.0 

V 

Input voltage 

ViN 

-0.3 to Vcc+ 0.3 

V 

Output voltage 

VOUT 

-0.3 to Vcc+ 0.3 

V 

Operating temperature 

Topr 

0 to +70 


Storage temperature 

Tstg 

-65 to +150 



RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

2.6 


5.5 

V 


DC CHARACTERISTICS (Vcc = 2.6 to 5.5 V, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

TEST CONDITION 

MIN. 

MAX. 

UNIT 

NOTE 

Input ‘High’ voltage 

ViH 


O.SVcc 

Vcc + 0.3 

V 


Input ‘Low’ voltage 

ViL 


-0.3 

0.4 

V 


Output ‘High’ voltage 

VoH 

lOH = -100 pA 

O.SVcc 


V 


Output ‘Low’ voltage 

VoL 

lOL = 400 pA 


0.4 

V 


Input leakage current 

MliI 

ViN = 0 V to Vcc 


10 

pA 


Output leakage current 

IIloI 

VoUT = 0 V to Vcc 


10 

hA 

1 

Operating current 

Icci 

tpc = 150 ns 


50 

mA 

2 

ICC2 

tRC = 500 ns 


35 

mA 

3 

ICC3 

tRC = 500 ns 


15 

mA 

4 

Standby current 

ISBI 

I 

> 

li 

ILU 

lo 


3 

mA 


ISB2 

CE = Vcc - 0.2 V 


100 

pA 


Input capacitance 

C|N 

f = 1 MHz, Ta = +25X 


10 

PF 


Output capacitance 

Gout 


10 

1_ 

PF 



NOTK:_ 

1. CE, OE, OEi = V|H, OE, OEi = V|l, outputs open 

2. 4.5 V< Vcc <5.5 V 

3. 3.4 V < Vcc <4.5 V 

4. 2.6 V < Vcc < 3.4 V 


SHARR 


4-33 













LH532000B-S 


PRELIMINARY 


CMOS 2M Mask-Programmable ROM 


AC CHARACTERISTICS (Vcc = 2.6 to 5.5 V, Ta = 0 to +70X) 


PARAMETER 


2.6 < Vcc < 4.5 


4.5 < Vcc < 5.5 


Read cycle time 

tRC 

500 


150 

1 ns 

Address access time 

tAA 


500 


150 

ns 

Chip enable time 

tACE 


500 


150 

ns 

Output enable time 

tOE 


150 


80 

ns 

Output hold time 

tOH 

10 


10 

ns 

CE to output in High-Z 

tCHZ 


150 


80 

ns 

OE to output in High-Z 

tOHZ 


150 


80 

ns 


NOTE: 

1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.4 to (0.8 X Vcc) V 

Input rise/fall time 

10 ns 

Input/output reference level 

1.5 V 

Output load condition 

1 TTL+IOOpF 


A- 

1 ^16 


WCNOTE 1) 


toE(NOTE 1) 


(NOTE 2) 
Dq- Dy 

(Do-D^s) 


NOTES: 

1. Data becomes valid after t^A, t^cE- toe from address 
input, chip enable or output enable, respectively have been met. 

2. Applied to byte mode. Signals In parentheses apply to word mode. 


DATA VALID 
toH 


Figure 4. Timing Diagram 


4-34 


SHARR 











CMOS 2M Mask-Programmable ROM 


PRELIMINARY 


LH532000B-S 


ORDERING INFORMATION 


LH532000B-S X -## 

Device Type Package Speed 

^— 50 500 Access Time (ns) 

f D 40-pin, 600-mil DIP (DIP40-P-600) 

M 44-pin, 14 X 14 mm^ QFP (QFP44-P-1414) 

- N 40-pin, 525-mil SOP (SOP40-P-525) 

T 48-pin, 12 x 18 mm2TSOP (TSOP48-P-1218: Type I) 

[z 44-pin, 10x10 mm^ QFP (QFP44-P-1010) 

-CMOS 2M (256K x 8 or 128K x 16) Mask-Programmable ROM 

Example: LH532000B-SD-50 CMOS 2M (256K x 8 or 128K x 16) Mask-Programmable ROM, 

150 ns, 40-pin, 600-mil DIP) 532000BS 


SHARP 
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CMOS 2M (256K x 8) Mask-Programmable ROM 


FEATURES 

• 262,144 X 8 bit organization 

• Access time: 120/150 ns (MAX.) 

• Low-power consumption: 

Operating: 275 mW (MAX.) 

Standby: 550 pW (MAX.) 

• Static operation (internai sync, system) 

• Mask-programmabie OE/OE and OE 1 /OE 1 

• TTL compatibie i/O 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 

32-pin, 600-mil DIP 

32-pin, 525-mil SOP 

32-pin, 8 X 20 mm^ TSOP (Type II) 

• JEDEC standard EPROM pinout (DIP) 


DESCRIPTION 

The LH532100B is a mask-programmable ROM 
organized as 262,144 x 8 bits, it is fabricated using 
siiicon-gate CMOS process technology. 


PIN CONNECTIONS 


32-PIN DIP 

32-PIN SOP 


N 


TOP VIEW 

OE 1 /OE 1 /DCC 

1 • 

32 

H Vcc 


AieC 

2 

31 

□ nc 


A15C 

3 

30 

□ Ai7 


A 12 CI 

4 

29 

I] A.14 


AyC 

5 

28 

I] Ai3 


AeC 

6 

27 

H Ag 


A5I1 

7 

26 

□ Ag 


A4[I 

8 

25 

□ All 


A 3 II 

9 

24 

□ OE/OE 


AgC 

10 

23 

U A 10 


AiC 

11 

22 

3 m 


AgCI 

12 

21 

□D 7 


Dq C 

13 

20 

H Dg 


DiC 

14 

19 

□D 5 


D 2 c 

15 

18 

□D 4 


gndC 

16 

17 

) 

3 D 3 

532100B-1 


Figure 1. Pin Connections for DIP and 
SOP Packages 
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CMOS 2M Mask-Programmable ROM 


LH532100B 



NOTE: Pin numbers apply to the 32-pin DIP. 


532100B-2 


Figure 2. LH532100B Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

NOTE 

Ao - Ai7 

Address input 


Do - Dy 

Data output 



Chip Enable input 


OE/OE 

Output Enable input 

1 


SIGNAL 

PIN NAME 

NOTE 

OE 1 /OE 1 /DC 

Output Enable input/ 

Don’t Care connection 

1 

Vcc 

Pov\/er supply (+5 V) 


GND 

Ground 



NOTE: _ _ 

1. Active levels of OE/OE and OEi/OEi/DC are mask-programmable. 

Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It Is recommended to apply either a HIGH or a LOW to the DC pin. 


TRUTH TABLE 


CE 

OE/OE 

OE 1 /OE 1 

MODE 

Do - D 7 

SUPPLY CURRENT 

H 

X 

X 

Non selected 

High-Z 

Standby (Isb) 

L 

L/H 

X 

Non selected 

High-Z 

Operating (Ice) 

L 

X 

UH 

Non selected 

High-Z 

Operating (Ice) 

L 

H/L 

H/L 

Selected 

Dout 

Operating (Ice) 


NOTE: 

X = H or L 


SHARR 
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LH532100B 


CMOS 2M Mask-Programmable ROM 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

1 

Input voltage 

ViN 

-0.3 to Vcc +0.3 

V 

Output voltage 

VOUT 

-0.3 to Vcc +0.3 

V 

Operating temperature 

Topr 

Oto+70 

°C 


Storage temperature 

Tstg 

-55 to +150 




NOTE: 

1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

VlL 


-0.3 


0.8 

V 


Input ‘High’ voltage 

ViH 


2.2 


Vcc +0.3 

V 


Output ‘Low’ voltage 

VoL 

loL = 2.0 mA 



0.4 

V 


Output ‘High’ voltage 

VOH 

lOH = “400 jjiA 

2.4 



V 


Input leakage current 

IIliI 

ViN = 0 V to Vcc 



10 

nA 


Output leakage current 

1 IloI 

VoUT = 0 V to Vcc 



10 

pA 

1 

Operating current 

lcci 

tRc = 150 ns 



50 

mA 

2 

Icc 2 

tRC = 1 pS 



45 

Icc3 

tRc = 150 ns 



45 

mA 

3 

ICC4 

tRC = 1 pS 



40 

Standby current 

ISB1 

CE = ViL, ^ = ViH 



3 

mA 


ISB2 

CE = 0.2 V, 

CE = Vcc “ 0.2 V 



100 

HA 



NOTES: 

1 . CE/OE/OEi = V,H or OE/OE1 = V,l 

2. V|N = V|h/V|l, ^ = V|L, outputs open 

3. V|N = (Vcc ■ 0-2 V) or 0.2 V, CE = 0.2 V, outputs open 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70‘^C) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

MIN. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 

120 


150 


ns 


Address access time 

tAA 


120 


150 

ns 


Chip enable access time 

tACE 


120 


150 

ns 


Output enable delay time 

tOE 


50 

10 

70 

ns 


Output hold time 

tOH 

5 


10 


ns 


CE to output in High-Z 

tCHZ 


50 


70 

ns 

1 

OE to output in High-Z 

tOHZ 


50 


70 

ns 


NOTE: 

1. This is the time required for the outputs to become high-impedance. 

CAUTION 


To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 


4-38 


SMARR 











CMOS 2M Mask-Programmable ROM 


LH532100B 


AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.6 V to 2.4 V 

Input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

0.8 V and 2.2 V 

Output load condition 

1TTL +100 pF 


CAPACITANCE (Vcc = 5 V ±10%, f = 1 MHz, Ta = 25°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Input capacitance 

C|N 



10 

pF 

Output capacitance 

COUT 



10 

pF 



tpc 



Ao-Ai7 ^ 

( _ ) 

( 


tAA(NOTE) 






CE ^ 


r 

tACE(NOTE) 



tcHZ 






V 



\ 

< 



toE (NOTE) 



toHZ 





n,. n. 

// 

f 

3 

VALID 

iTV) 


Vil] 

7 / / 



toH 



NOTE: Data becomes valid after the intervals t/vA. tACE> toE from address 

input, chip enable and output enable, respectively have been met. 


532100B-3 


Figure 3. Timing Diagram 


ORDERING INFORMATION 


LH532100B 
Device Type 


X 

Package 


-## 

Speed 

I_[12 120 

115 150 


Access Time (ns) 


D 32-pin, 600-mil DIP (DIP32-P-600) 

N 32-pin, 525-mil SOP (SOP32-P-525) 

T 32-pin, 8 X 20 mm2 jsop (Type II) (TSOP32-P-0820) 


CMOS 2M (256K x 8) Mask Programmable ROM 


Example: LH532100BD-15 (CMOS 2M (256K x 8) Mask Programmable ROM, 150 ns, 32-pin, 600-mil DIP) 

532100B-4 


SHARF> 
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PRELIMINARY 


LH53H4000/ 

LH53H4100 


CMOS 4M (512K x 8 / 256K x 16) 
High-Speed Mask-Programmable ROM 

CMOS 4M (512K x 8) 
High-Speed Mask-Programmable ROM 


FEATURES 

• LH53H4000 

524,288 X 8 / 262,144 x 16 bit 

organization 

LH53H4100 

524,288 X 8 bit organization 

• Pin connections: 

LH53H4000-x8/x16bit 
electrically-selectable type 
LH53H4100 - JEDEC standard 
pinout type 

• TTL compatible I/O 

• Three-state outputs 

• Supply voltage: 5V±10% 

• Access time: 80 ns (MAX.) 

• Power consumption: 

Operating - 100 mA (MAX.) 

Standby - 100 pA (MAX.) 

• Operating temperature: 

0 to +70°C 

• Packages: 

LH53H4000 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 
48-pin, 12x18 mm^ TSOP (Type I) 
(normal/reverse bend) 


• Packages (cont’d) 

LH53H4100 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 
32-pin, 8 X 20 mm^ TSOP (Type II) 
(normal/reverse bend) 

DESCRIPTION 

The requireci access time in the mask ROM market 
is now shifting from 150 ns to 120 ns, but some appli¬ 
cations require a still faster access time of 100 ns or 
less. 

The LH53H4000/LH53H4100 is a 4M mask-program¬ 
mable ROM with access time of 80 ns, which is most 
suitable for those applications which require fast access 
time. The LH53H4000 is electrically switched between 
X 8/x 16 bit forms; the LH53H4100 conforms to the pin 
assignment specified by JEDEC. 

APPLICATIONS 

• Program memory and font memory in laser beam 
printers, ink jet printers, and word processors 

• Program memory in personal computers 

• Waveform data memory in electronic musical 
instruments 

• Program memory and character memory in 
arcade games. 
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LH534K00 


CMOS 4M (512K x 8) Mask-Programmable ROM 


FEATURES 

• 524,288 X 8 bit organization 

• Access time: 150 ns (MAX.) 

• Low-power consumption: 

Operating: 330 mW (MAX.) 
Standby: 550 pW (MAX.) 

• Mask-programmable control pin: 

Pin 1 - OEi/^i/DC 
Pin 24 - OE/OE 

• Fully-static operation 

• TTL compatible I/O 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 

32-pin, 600-mil DIP 

32-pin, 525 mil SOP 

32-pin, 8 X 20 mm^ TSOP (Type II) 


DESCRIPTION 

The LH534K00 is a 4M-bit mask-programmable 
ROM organized as 524,288 x 8 bits. It is fabricated 
using silicon-gate CMOS process technology. 

PIN CONNECTIONS 


32-PIN DIP 

32-PIN SOP 




TOP VIEW 

OEi/OEi/D.C.C 

1 • 

V 

32 I 

^Vcc 


AielZ 

2 

31 : 

3 Ai 8 


A 15 C 

3 

30 : 

11 Ai7 


A 12 CI 

4 

29 : 

D a ^4 


A 71 : 

5 

28 : 

3 A^a 


A 5 CI 

6 

27 : 

H Aa 


A 5 C 

7 

26 : 

H Ag 


A 4 IZ 

8 

25 I 

HAi^ 


AaC 

9 

24 : 

D OE/OE 


A 2 C 

10 

23 : 

1 A 10 


Aid 

11 

22 I 

:cE 


Aod 

12 

21 I 

3D7 


Dod 

13 

20 : 

D Da 


Did 

14 

19 : 

:d5 


Dgd 

15 

18 : 

]D4 


GNDd 

16 

_ 


3 Da 


NOTE: D.C. = Don't Care 



534K00-1 


Figure 1. Pin Connections for DIP and 
SOP Packages 


SHARR 
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LH534K00 


CMOS 4M Mask-Programmable ROM 



Vqc GND Dq D 2 D 3 D 4 D 5 D 0 D 7 


NOTE: D.C. = Don't Care 


534K00-2 


Figure 2. LH534K00 Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

NOTE 

Ao- Ai8 

Address input 


Do - D? 

Data output 



Chip Enable input 


OE/^ 

Output Enable input 

1 


SIGNAL 

PIN NAME 

NOTE 

OE 1 /OE 1 /DC 

Output Enable input/ 

Don’t Care 

1 

Vcc 

Power supply (-i-5 V) 


GND 

Ground 



NOTES: _ 

1. Active levels of OEi/DE^/DC and OE/OE are mask-programmable. Selecting DC allows the outputs to be active for both high and low levels 
applied to this pin. It is recommended to apply either a HIGH or a LOW to the DC pin. 
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CMOS 4M Mask-Programmable ROM 


LH534K00 


TRUTH TABLE 


CE 

oeoE 

OE 1 /OE 1 

Do - Dt 

SUPPLY CURRENT 

H 

X 

X 

High-Z 

Standby (Isb) 

L 

LVH 

X 

Operating (Ice) 

X 

LyH 

H/L 

H/L 

Output 


NOTE: 

X = H or L 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

Input voltage 

VlN 

-0.3 to Vcc +0.3 

V 

Output voltage 

VOUT 

-0.3 to Vcc +0.3 

V 

Operating temperature 

Topr 

0 to +70 

X 

Storage temperature 

Tstg 

-55 to +150 

X 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

ViL 


-0.3 


0.8 

V 


Input ‘High’ voltage 

ViH 


2.2 


Vcc +0.3 

V 


Output ‘Low’ voltage 

VoL 

loL = 2.0 mA 



0.4 

V 


Output ‘High’ voltage 

VOH 

lOH = -400 pA 

2.4 



V 


Input leakage current 

Mu I 

ViN = 0 V to Vcc 



10 

nA 


Output leakage current 

I Ilo I 

VouT = 0 V to Vcc 



10 

pA 

1 

Operating current 

lcci 

tRC = 150 ns 



60 

mA 

2 

Icc 2 

V) 

II 

0 

tr 



50 

ICC3 

tRC = 150 ns 



55 

mA 

3 

ICC4 

tRC = 1 ps 



45 

Standby current 

ISB1 

X 

> 

II 

lUJ 

lo 



3 

mA 


ISB2 

CE = Vcc - 0.2 V 



100 

pA 


Input capacitance 

CiN 

f = 1 MHz, tA = 25°C 



10 

PF 


Output capacitance 

COUT 



10 




NOTK^_ 

1. CE/OE/OEi = V|H, outputs open; OE/OE 1 = V|l 

2 . V,N = V|hA/|l, CE = V|L, outputs open 

3. V|N = (Vcc - 0-2 V) or 0.2 V, UE = 0.2 V 

CAUTION 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 
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LH534K00 


CMOS 4M Mask-Programmable ROM 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 

150 


ns 


Address access time 

tAA 


150 

ns 


Chip enable time 

tACE 


150 

ns 


Output enable time 

tOE 


70 

ns 


Output hold time 

tOH 

5 


ns 


CE to output in High-Z 

tCHZ 


70 

ns 

1 

OE to output in High-Z 

tOHZ 


70 

ns 


NOTE: 

1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

input voltage amplitude 

0.6 V to 2.4 V 

input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

0.8 V and 2.2 V 

Output load condition 

1TTL-1-100 pF 


Aq- Ai8 


CE 


OE/OEi 

OE/OE1 


Dq- Dy 


Jrc 





) 

(_) 

/ 

\ 


tAA(NOTE) 








"A 

/ 

r 

tACE(NOTE) 



kjHZ 





X 






toE(NOTE) 



^HZ 






_ // /. 

[ DATA VALID ' 



LLL/ 



NOTE: The output data becomes valid when the last interval, t/vcE. or toe, have concluded. 


534K00-3 


Figure 3. Timing Diagram 
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CMOS 4M Mask-Programmable ROM 


LH534K00 


ORDERING INFORMATION 


LH53 

Device 

4K00 

3 Type Pac 

K -## 

kage Speed 

^- 15 150 Access Time (ns) 

r D 32-pin, 600-mil DIP (DIP32-P-600) 

- N 32-pin, 525-mil SOP (SOP32-P-525) 

It 32-pin, 8 X 20 mm^ TSOP (Type II) (TSOP32-P-0820) 

AKA /CiOl/' X/ Q\ 

Example: LH534K00D-15 (CMOS 4M (512K x 8) Mask-Programmable ROM, 150 ns, 32-pin, 600-mil DIP) 

534KOO-4 


SHARR 
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LH534P00 


CMOS 4M (512K x 8/256K x 16) 
Mask-Programmable ROM 


FEATURES 

• 524,288 X 8 bit organization 

(Byte mode) 

262,144 X 16 bit organization 
(Word mode) 

• Access time: 120 ns (MAX.) 

• Power consumption: 

Operating: 358 mW (MAX.) 

Standby: 550 pW (MAX.) 

• Static operation 

• Three-state outputs 

• Singie +5 V power supply 

• Packages: 

40-pin, 600-mil DIP 
40-pin, 525-mil SOP 
44-pin, 14x14 mm^ QFP 
48-pin, 12 X 18 mm^ TSOP (Type I) 

DESCRIPTION 

The LH534POO is a CMOS 4M-bit mask-program¬ 
mable ROM organized as 524,288 x 8 bits (Byte mode) 
or 262,14 4 x 16 bits (Word mode) that can be selected 
by BYTE input pin. It is fabricated using silicon-gate 
CMOS process technology. 


PIN CONNECTIONS 


40-PIN DIP 



TOP VIEW 


r 



A17IZ 

1 • 

40 

d Ag 

A7C 

2 

39 

Z] Ag 

AeC 

3 

38 

□ A10 

AsC 

4 

37 

□ A11 

A 4 C 

5 

36 

□ Ai2 

A 3 C 

6 

35 

^ Ai3 

AgC 

7 

34 

□ Ai4 

A,C 

8 

33 

H Ai5 

AoC 

9 

32 

H Ai6 

ceC 

10 

31 

□ byte 

GNDlI 

11 

30 

□ gnd 

OEC 

12 

29 

□ D,5/A., (NOTE) 

DoC 

13 

28 

□D, 

DgC 

14 

27 

□ 0,4 

Did 

15 

26 

□ Og 

Dgd 

16 

25 

H 0,3 

DgC 

17 

24 

□ Ds 

D10C 

18 

23 

□ D,3 

DgC: 

19 

22 

□ D4 

Diid 

20 

21 

^ Vcc 



J 


NOTE: The D^g/A.^ pin becomes LSB address input (A^i) when 

the BYTE pin is set to be low in byte mode, and data 

output (Dis) when set to be high in word mode. 




534P00-1I 


Figure 1. Pin Connections for DiP Package 
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CMOS 4M Mask-Programmable ROM 


LH534P00 



PIN DESCRIPTION 


SIGNAL 

PIN NAME 

< 

< 

Address input 

Do - Di5 

Data output 


Chip enable input 

OE 

Output enable Input 


SIGNAL 

PIN NAME 

BYTE 

Byte/word switch 

Vcc 

Power supply (+5 V) 

GND 

Ground 


SHARR 
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LH534P00 


CMOS 4M Mask-Programmable ROM 


TRUTH TABLE 


CE 

OE 

BYTE 

DATA OUTPUT 

ADDRESS INPUT 

SUPPLY CURRENT 

Do- D? 

Da ■ Dis 

LSB 

MSB 

H 

X 

X 

High-Z 

High-Z 

- 

- 

Standby (Isb) 

L 

H 

X 

High-Z 

High-Z 

- 

- 

Operating (Ice) 

L 

L 

H 

Do - Dy 

Ds - Di5 

Ao 

Aiy 

Operating (Ice) 

L 

L 

L 

Do - Dy 

High-Z 

A-i 

Aiy 

Operating (Ice) 


NOTE: 

X = H or L 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

Input voltage 

ViN 

-0.3 to Vcc +0.3 

V 

Output voltage 

VOUT 

-0.3 to Vcc +0.3 

V 

Operating temperature 

Topr 

0 to +70 

‘’C 

Storage temperature 

Tstg 

-65 to +150 

°c 


RECOMMENDED OPERATING CONDITIONS (Ta= 0 to +70X) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNnr 

NOTE 

Input ‘Low’ voltage 

ViL 


-0.3 


0.8 

V 


Input ‘High’ voltage 

VlH 


2.2 


Vcc +0.3 

V 


Output ‘Low’ voltage 

VoL 

lOL = 2.0 mA 



0.4 

V 


Output ‘High’ voltage 

VOH 

lOH = -400 jxA 

2.4 



V 


Input leakage current 

IIliI 

V|N = 0 V to Vcc 



10 

pA 


Output leakage current 

MloI 

VouT = 0 V to Vcc 



10 

pA 

1 

Operating current 

lcci 

tRc = 120 ns 



65 

mA 

2 

Icc 2 

tRC = 1 ps 



50 

Icc3 

tRc = 120 ns 



60 

mA 

3 

ICC4 

o 

II 

0) 



45 

Standby current 

ISBI 

X 

> 

II 

ILU 

lo 



3 

mA 


ISB2 

CE = Vcc - 0.2 V 



100 

pA 


Input capacitance 

CiN 

f = 1 MHz, tA = 25X 



10 

pF 


Output capacitance 

COUT 



10 

PF 



NOTK: _ 

1. OE = V|H, CE = V|H, outputs open 

2. V||s| = V|hA/||_, ^ = V||_, outputs open 

3. V|N = (Vcc ■ 0-2 V) or 0.2 V, CE = 0.2 V, outputs open 

CAUTION 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 
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CMOS 4M Mask-Programmable ROM 


LH534P00 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MtN. 

TYP. 

MAX. 

UNRT 

NOTE 

Read cycle time 

tRC 

120 



ns 


Address access time 

tAA 



120 

ns 


Chip enable time 

tACE 



120 

ns 


Output enable time 

tOE 



60 

ns 


Output hold time 

tOH 

5 



ns 


CE to output In High-Z 

tCHZ 



60 

ns 

1 

OE to output in High-Z 

tOHZ 



60 

ns 


NOTE: 

1. This Is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

input voltage amplitude 

0.4 V to 2.6 V 

Input rise/fail time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

1.5 V 

Output load condition 

ITTL-hlOO pF 


Jrc 





) 

(_) 

( 


tAA (NOTE) 









“A 

/ 

1 

tACE (NOTE) 


/ 

fcHZ 





A 

1 

foHZ 


toE(NOTE) 




1 


_ LUa 

?- 5 

^ DATA VALID 

A \ \ 


\l)j 



NOTE: The output data becomes valid when the last interval, t;^, t^cE. o'" foE» concluded. 


534P00-3 


Figure 3. Byte Mode (BYTE = Vil) 
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LH534P00 


CMOS 4M Mask-Programmable ROM 



Figure 4. Word Mode (BYTE = Vih) 


ORDERING INFORMATION 


LH534P00 
Device Type 


X 

Package 


12 120 Access Time (ns) 

D 40-pin, 600-mil DIP (DIP40-P-600) 

M 44-pin, 14x14 mm2 QFP (QFP44-P-1414) 

N 40-pin, 525-mil SOP (SOP40-P-525) 

T 48-pin, 12x18 mm2 tSOP (Type I) (TSOP48-P-1218) 

CMOS 4M (512K x 8 OR 256K x 16) Mask-Programmable ROM 


Example: LH534P00D-12 (CMOS 4M (512K x 8) Mask-Programmable ROM, 120 ns, 40-pin, 600-mil DIP) 

534P00-5 
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LH534R00 


CMOS 4M (512K x 8) Mask-Programmable ROM 


FEATURES 

• 524,288 X 8 bit organization 

• Access time: 120 ns (MAX.) 

• Power consumption: 

Operating: 358 mW (MAX.) 
Standby: 550 pW (MAX.) 

• Mask-programmable control pin: 

Pin 1 - OEi/^i/DC 
Pin 24 - OE/OE 

• Fully-static operation 

• TTL compatible I/O 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 

32-pin, 600-mil DIP 

32-pin, 525-mil SOP 

32-pin, 8 X 20 mm^ TSOP (Type II) 


DESCRIPTION 

The LH534R00 is a 4M-bit mask-programmable 
ROM organized as 524,288 x 8 bits. It is fabricated 
using siiicon-gate CMOS process technology. 

PIN CONNECTIONS 


32-PIN DIP 



TOP VIEW 

32-PIN SOP 






N 


OEi/OEi/D.C.C 

1 • 

32 

=lVco 

Aielll 

2 

31 

I] Ai8 

AisC 

3 

30 

□ Ai7 

A12C 

4 

29 

□ Ai4 

AtC 

5 

28 

IIA13 

AeC 

6 

27 

Zl Ag 

AsC 

7 

26 

□ Ag 


8 

25 

□ A^i 

A3 [Z 

9 

24 

□ OE/OE 

A2C 

10 

23 

□ A10 

Aid 

11 

22 

□^ 

AqIZ 

12 

21 

□ D7 

DqC! 

13 

20 

ZlDg 

Did 

14 

19 

□ D5 

□2 d 

15 

18 

□ D4 

GNDd 

16 

17 

□ d. 



_y 

NOTE: D.C. = Don’t Care 


534ROO-1 


Figure 1. Pin Connections for DIP and 
SOP Packages 
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LH534R00 


CMOS 4M Mask-Programmable ROM 



NOTE: D.C. = Don't Care 


534R00-2 


Figure 2. LH534R00 Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

NOTE 

Ao' Ai8 

Address input 


Do - D7 

Data output 



Chip Enable Input 


OE/OT 

Output Enable input 

1 


SIGNAL 

PIN NAME 

NOTE 

OE 1 /OE 1 /DC 

Output Enable input/ 
Don’t Care 

1 

Vcc 

Power supply (+5 V) 


GND 

Ground 



NOTE: _ _ 

1. Active levels of OE 1 /OE 1 /DC and OE/OE are mask-programmable. Selecting DC allows the outputs to be active for both high and low levels 
applied to this pin. It is recommended to apply either a HIGH or a LOW to the DC pin. 
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CMOS 4M Mask-Programmabie ROM 


LH534R00 


TRUTH TABLE 


CE 

OE1/OE1 

OE/OE 

D0-D7 

SUPPLY CURRENT 

H 

X 

X 

High-Z 

Standby (Isb) 

L 

ITH 

X 

High-Z 

Operating (Icc) 

L 

X 

UH 

High-Z 

L 

H/L 

H/L 

Output 


NOTE: 

X = H or L 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

Supply voltage 

Vcc 

-0.3 to+7.0 

V 

Input voltage 

ViN 

-0.3 to Vcc +0.3 

V 

Output voltage 

VOUT 

-0.3 to Vcc +0.3 

V 

Operating temperature 

Topr 

0 to +70 

"C 

Storage temperature 

Tstg 

-65 to +150 



RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

ViL 


-0.3 


0.8 

V 


Input ‘High’ voltage 

ViH 


2.2 


Vcc +0.3 

V 


Output ‘Low’ voltage 

VoL 

lOL = 2.0 mA 



0.4 

V 


Output ‘High’ voltage 

VOH 

loH = -400 |iA 

2.4 



V 


Input leakage current 

Mu I 

ViN = 0 V to Vcc 



10 

pA 


Output leakage current 

I Ilo I 

VouT = 0 V to Vcc 



10 

pA 

1 

Operating current 

lcci 

tRc = 120 ns 



65 

mA 

2 

Icc 2 

tRC = 1 ps 



50 

ICC3 

tRc = 120 ns 



60 

mA 

3 

ICC4 

tRC = 1 |is 



45 

Standby current 

ISB1 

X 

> 

II 

lUJ 

lo 



3 

mA 


ISB2 

CE = Vcc - 0.2 V 



100 

hA 


Input capacitance 

CiN 

f = 1 MHz, tA = 25*^0 



10 

PF 


Output capacitance 

Gout 



10 

PF 



NOTK^ _ 

1. OE/OE 1 = V|H, OE/OE 1 = V|L, CE = V|H, outputs open 

2. V,n = V,hA/,l.^ = V|L, outputs open 

3. ViN = (Vcc ■ 0-2 V) or 0.2 V, CE = 0.2 V, outputs open 

CAUTION 

To stabilize the power supply, It is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 
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LH534R00 


CMOS 4M Mask-Programmable ROM 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 

120 


ns 


Address access time 

tAA 


120 

ns 


Chip enable time 

tACE 


120 

ns 


Output enable time 

tOE 


60 

ns 


Output hold time 

tOH 

0 


ns 


CE to output in High-Z 

tCHZ 


60 

ns 

1 

OE to output in High-Z 

tOHZ 


60 

ns 


NOTE: 

1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.4 V to 2.6 V 

Input rise/fall time 

10 ns 

Input reference level 

1.5V 

Output reference level 

1.5V 

Output load condition 

ITTL + IOOpF 


fRC 


Aq-Ai8 




X 


tAA(NOTE) 


CE 


OE/OEi 

OE/OEi 


Dq- D 7 


\ 


tACE(NOTE) 


X 


toE(NOTE) 




X 




fcHZ 




m 


DATA VALID 


m 


NOTE: The output data becomes valid when the last Interval, t/^, t^cE* or foE» ^^^ve concluded. 

534R00-3 


Figure 3. Timing Diagram 
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CMOS 4M Mask-Programmable ROM 


LH534R00 


ORDERING INFORMATION 


LH53 

Device 

4R00 

5 Type Pac 

K -## 

kage Speed 

^- 12 120 Access Time (ns) 

r D 32-pin, 600-mil DIP (DIP32-P-600) 

- N 32-pin, 525-mil SOP (SOP32-P-525) 

It 32-pin, 8 X 20 mm2 tsOP (Type li) (TSOP32-P-0820) 

Example: LH534R00D-12 (CMOS 4M (512K x 8) Mask-Programmable ROM, 120 ns, 32-pin, 600-mil DIP) 

S3dR0(M 


SHARP 
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LH534000B 


CMOS 4M (512K x 8/256K x 16) 
Mask-Programmable ROM 


FEATURES 

• Memory organization selection: 

524,288 X 8 bit (byte mode) 

262,144 X 16 bit (word mode) 

• BYTE input pin seiects bit configuration 

• Access time: 200 ns (MAX.) 

• Low-power consumption: 

Operating: 275 mW (MAX.) 

Standby: 550 pW (MAX.) 

• Static operation (internai sync, system) 

• TTL compatibie I/O 

• Three-state outputs 

• Single +5 V power supply 


• Packages: 

40-pin, 600-mil DIP 
40-pin, 525-mii SOP 
48-pin, 12x18 mm^ TSOP (Type i) 
44-pin, 14x14 mm^ QFP 
44-pin, 10x10 mm^ OFP 

• x16 word-wide pinout 

DESCRIPTION 

The LH534000B is a 4M bit mask-programmable 
ROM with two programmable memory organizations of 
byte and word modes. It is fabricated using silicon-gate 
CMOS process technology. 
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CMOS 4M Mask-Programmable ROM 


LH534000B 



































LH534000B 


CMOS 4M Mask-Programmable ROM 



NOTE: Pin numbers apply to the 40 -pin DIP. 


A.1 


Vcc 


GND 


Figure 3. LH534000B Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

NOTE 

A.1 

Address input (BYTE mode) 

1 

Ao - Ai7 

Address input 


Do - Di5 

Data output 



Chip enable input 



SIGNAL 

PIN NAME 

NOTE 

OE 

Chip enable input 


BYTE 

Byte/word mode switch 


Vcc 

Power supply (+5 V) 


GND 

Ground 



NOTE: 

1 . D15/A.1 pin becomes LSB address input (A .^) whe n the bit configuration is set in byte mode, 
and data output (D^s) when in word mode. BYTE input pin selects bit configuration. 
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CMOS 4M Mask<Programmable ROM 


LH534000B 


TRUTH TABLE 



OE 

BYTE 

A-i 

MODE 

Do- Dr 

Da ■ Dis 

SUPPLY CURRENT 

H 

X 

X 

X 

Non selected 

High-Z 

Standby (Isb) 

L 

H 

X 

X 

Non selected 

High-Z 

Operating (Ice) 

L 

L 

H 

Inhibit 

Word 

Q 

o 

Q 

Do - Di5 

Operating (Ice) 

L 

L 

L 

L 

Byte 

Do - Dy 

High-Z 

Operating (Ice) 

L 

L 

L 

H 

Byte 

De- Di5 

High-Z 

Operating (Ice) 


NOTES: 

1. X = HorL 

2. The input state of BYTE must not be changed during operation. The BYTE pin must be set to either HIGH or LOW. 

ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

1 

Input voltage 

ViN 

-0.3 to Vcc +0.3 

V 

Output voltage 

VOUT 

-0.3 to Vcc +0.3 

V 

Operating temperature 

Topr 

0 to +70 



Storage temperature 

Tstg 

-55 to +150 




NOTE: 

1. The maximum applicable voltage on any pin with respect to GNO. 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

ViL 


-0.3 


0.8 

V 


Input ‘High’ voltage 

VlH 


2.2 


Vcc +0.3 

V 


Output ‘Low’ voltage 

VoL 

Iol = 2.0 mA 



0.4 

V 


Output ‘High’ voltage 

VOH 

loH = -400 pA 

2.4 



V 


Input leakage current 

ilLlI 

ViN = 0 V to Vcc 



10 

nA 


Output leakage current 

1 Ilo I 

VouT = 0 V to Vcc 



10 

pA 

1 

Operating current 

lcci 

tRc = 200 ns 



50 

mA 

2 

Icc2 

tRC = 1 M'S 



45 

ICC 3 

tRc = 200 ns 



45 

mA 

3 

ICC 4 

tRC = 1 ps 



40 

Standby current 

ISB1 

X 

> 

II 

lUJ 

lo 



3 

mA 


ISB2 

CE = Vcc - 0.2 V 



100 

pA 



NOTES: _ 

1. OE = V|L. CE = V|H 

2. V|N = V|hA/|i_, CE = V|L, outputs open 

3. V|N = (Vcc ■ 0-2 V) or 0.2 V, CE = 0.2 V, outputs open 

CAUTION 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 
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LH534000B 


CMOS 4M Mask-Programmable ROM 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 

200 



ns 


Address access time 

tAA 



200 

ns 


Chip enable access time 

tACE 



200 

ns 


Output enable delay time 

tOE 



80 

ns 


Output hold time 

tOH 

10 



ns 


CE to output in High-Z 

tCHZ 



80 

ns 

1 

OE to output in High-Z 

tOHZ 



80 

ns 


NOTE: 

1 . This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.6 V to 2.4 V 

Input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

0.8 V and 2.2 V 

Output load condition 

ITTL+IOOpF 


CAPACITANCE (Vcc = 5 V ±10%, f = 1 MHz, Ta = 25°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Input capacitance 

CiN 



10 

PF 

Output capacitance 

COUT 



10 

pF 


(NOTE 2 ) 

A-1 - Ai7 

(Aq - A 17 ) _ 


CE 


) ( 

tAA(NOTEI) 

“ 1 ^_ 

tACE(NOTEI) 


OE 


(NOTE 2 ) 
Dq- Dy 

(Do-Dis) “ 


_ 

Iqe (NOTE 1 ) 


m 


X 


I 


*CHZ 




toHZ 




JpH 


NOTES: 

1 . Data becomes valid after the intervals t^A, tACE ^i^cl k)E address 
input, chip enable, and output enable, respectively have been met. 

2 . Applies to byte mode. Signals in parentheses apply to word mode. 


534000B-3 


Figure 4. Timing Diagram 
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CMOS 4M Mask-Programmable ROM 


LH534000B 


ORDERING INFORMATION 


LH534000B X - ## 

Device Type Package Speed 

I- 20 200 Access Time (ns) 

f D 40-pin, 600-mil DIP (DIP40-P-600) 

N 40-pin, 525-mil SOP (SOP40-P-525) 

- T 48-pln, 12x18 mm^ TSOP (TSOP48-P-1218: Type I) 

Z 44-pln, 10x10 mm^ QFP (QFP44-P-1010) 

[ M 44-pin, 14x14 mm^ QFP (QFP44-P-1414) 

- CMOS 4M (512K x 8 or 256K x 16) Mask Programmable ROM 


Example: LH534000BD-20 (CMOS 4M (512K x 8) Mask Programmable ROM, 200 ns, 40-pin, 600-mil DIP) 

_ 534000B-4 
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LH534000B-S 


PRELIMINARY 

CMOS4M(512Kx 8/256Kx16) 
3V-Drive Mask-Programmable ROM 


FEATURES 

• Low-power supply: 

2.6 to 5.5 V 

• 524,288 X 8 bit organization 

(Byte mode) 

262,144 X 16 bit organization 
(Word mode) 

• Access time: 

500 ns (2.6 V < Vcc < 4.5 V) 

200 ns (4.5 V < Vcc ^ 5.5 V) 

• Static operation 

• Three-state outputs 

• Packages: 

40-pin, 600-mil DIP 
40-pin, 525-mil SOP 
44-pin, 10x10 mm^ QFP 
44-pin, 14 X 14 mm^ QFP 
48-pin, 12 X 18 mm^ TSOP (Type I) 

DESCRIPTION 

The LH534000B-S is a CMOS 4M-bit mask-program¬ 
mable ROM organized as 524,288 x 8 bits (Byte mode) 
or 262,14 4 x 16 bits (Word mode) that can be selected 
by BYTE input pin. 

It Is suited for use in compact battery back-up sys¬ 
tems due to be operated on 3 V power supply. 


PIN CONNECTIONS 



Figure 1. Pin Connections for DIP, SOP Packages 
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CMOS 4M Mask-Programmable ROM 


PRELIMINARY 


LH534000B-S 



Figure 3. Pin Connections for 44-Pin, 
14 X14 mm^ QFP Package 



Figure 2. Pin Connections for TSOP Package 



Figure 4. Pin Connections for 44-Pin, 
10 X10 mm^ QFP Package 
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LH534000B-S 


PRELIMINARY 


CMOS 4M Mask-Programmable ROM 



Figure 5. LH534000B-S Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

A-1 - Ai7 

Address input 

Do - Di5 

Data output 

BYTE 

Byte/word switch 

CE 

Chip enable input 


SIGNAL 

PIN NAME 

OE 

Output enable input 

Vcc 

Power supply 

GND 

Ground 


NOTE: 

1 . The D15/A. 1 pin becomes LSB address input (A.^) when the bit configuration is set to byte mode, and data output (D15) when in word mode. 
The BYTE input pin selects bit configuration. 
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CMOS 4M Mask-Programmable ROM 


PRELIMINARY 


LH534000B-S 


TRUTH TABLE 


CE 

OE 

BYTE 

DATA OUTPUT 

ADDRESS INPUT 

SUPPLY CURRENT 

D0-D7 

Da - Di5 

LSB 

MSB 

H 

X 

X 

High-Z 

High-Z 

- 

- 

Standby 

L 

H 

X 

High-Z 

High-Z 

- 

- 

Operating 

L 

L 

H 

Do - D 7 

De - Di5 

Ao 

Ai7 

Operating 

L 

L 

L 

Do - D 7 

High-Z 

A.1 

Ai7 

Operating 


NOTE: 

X = Don’t care, High-Z = High-impedance 

ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

Input voltage 

ViN 

-0.3 to Vcc + 0.3 

V 

Output voltage 

VOUT 

-0.3 to Vcc + 0.3 

V 

Operating temperature 

Topr 

0 to +70 

°C 

Storage temperature 

Tstg 

-55 to +150 

°C 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

2.6 


5.5 

V 


DC CHARACTERISTICS (Vcc = 2.6 to 5.5 V, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

TEST CONDITION 

MIN. 

MAX. 

UNIT 

NOTE 

Input ‘High’ voltage 

ViH 


O.SVcc 

Vcc + 0.3 

V 


Input ‘Low’ voltage 

ViL 


-0.3 

0.4 

V 


Output ‘High’ voltage 

VOH 

lOH = -100 pA 

O.SVcc 


V 


Output ‘Low’ voltage 

VoL 

lOL = 400 pA 


0.4 

V 


Input leakage current 

Mu I 

ViN = 0 V to Vcc 


10 

pA 


Output leakage current 

I Ilo I 

Vout = 0 V to Vcc 


10 

pA 

1 

Operating current 

lcci 

tRc = 200 ns 


50 

mA 

2 

Icc 2 

tRC = 1 pS 


45 

mA 

2 

ICC3 

tRC = 200 ns 


45 

mA 

3 

ICC4 

tRC = 1 pS 


40 

mA 

3 

Standby current 

ISB1 

I 
> 

II 
lUJ 

lo 


3 

mA 


ISB2 

CE = Vcc - 0.2 V 


100 

HA 


Input capacitance 

C|N 

f = 1 MHz, Ta = +25°C 


10 

PF 


Output capacitance 

Gout 


10 

pF 



NOTK: _ 

1. CE = V|h.OE^ih 

2 . V|N = V|H,V|L. CE = V|L, outputs open 

3. V,N = (Vcc - 0.2 V). 0.2 V, ^ = 0.2 V. outputs open 
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LH534000B-S 


PRELIMINARY 


CMOS 4M Mask-Programmable ROM 


AC CHARACTERISTICS (Ta = 0 to +70X) 



NOTE: 

1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.4 to 2.6 V 

Input rise/fall time 

10 ns 

input/output reference level 

1.5 V 

Output load condition 

1 TTL + 100 pF 



Figure 6 . Byte Mode (BYTE = Vil) 
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CMOS 4M Mask-Programmable ROM 


PRELIMINARY 


LH534000B-S 



tAA{NOTE) 


tACE(NOTE) 


toE(NOTE) 




k)H 



1 3 

DATA VALID 

& 


NOTE: Data becomes valid after t^A, t^cE* k)E address input, 
chip enable and output enable, respectively, have been met. 


Figure 7. Word Mode (BYTE = Vih) 


ORDERING INFORMATION 


LH534000B-S 
Device Type 


X 

Package 


' (m 500 Access Time (ns) 


D 40-pin, 600-mil DIP (DIP40-P-600) 

M 44-pin, 14 x 14 mm2 Qpp (QFP44-P-1414) 

- N 40-pin, 525-mil SOP (SOP40-P-525) 

T 48-pin, 12 x 18 mm2TSOP (Type I) (TSOP48-P-1218) 

Iz 44-pin, 10 X 10 mm2QFP (QFP44-P-1010) 

-CMOS 4M (512K x 8 or 256K x 16) Mask-Programmable ROM 

Example: LH534000B-SD-20 (CMOS 4M (512K x 8 OR 256K x 16) Mask-Programmable ROM, 

200 ns, 40-pln, 600-mil DIP) 534 ooobs- 
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CMOS 4M (512K x 8) Mask-Programmable ROM 


FEATURES 

• 524,288 X 8 bit organization 

• Access time: 200 ns (MAX.) 

• Power consumption: 

Operating: 275 mW (MAX.) 
Standby: 550 pW (MAX.) 

• Mask-programmabie OE/OE and 
OE 1 /OE 1 /DC 

• Fuily-static operation 

• TTL compatibie i/0 

• Three-state outputs 

• Single +5 V power suppiy 

• Packages: 

32-pin, 600-mii DiP 
32-pin, 525-mii SOP 

• JEDEC standard EPROM pinout (DIP) 


DESCRIPTION 

The LH534100B is a 4M-bit mask-programmable 
ROM organized as 524,288 x 8 bits. It is fabricated 
using silicon-gate CMOS process technology. 


PIN CONNECTIONS 


32-PIN DIP 

32-PIN SOP 

^ . 

N 

TOP VIEW 

OE1/OE1/DC c 

1 • 

32 

DVcc 

Aied 

2 

31 

^ A^s 

A15IZ 

3 

30 

□ Ai7 

A12IZ 

4 

29 

□ Ai4 

A7C; 

5 

28 

^ A^3 

AelZ 

6 

27 

□ As 

A5II 

7 

26 

□ Ag 

A4CI 

8 

25 

□ An 

A3 C 

9 

24 

□ OE/OE 

AaC 

10 

23 

□ A10 

Aid 

11 

22 

□ ^ 

Aod 

12 

21 

□Dy 

Do d 

13 

20 

□ De 

Did 

14 

19 

□ Ds 

Da d 

15 

18 

□ D4 

GNDd 

16 

17 

□ D3 




534100B-1 


Figure 1. Pin Connections for DIP and 
SOP Packages 
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CMOS 4M Mask-Programmable ROM 


LH534100B 



Vcc GND Dq Di D2 D3 D4 D5 De D7 


NOTE: Pin numbers apply to the 32-pin DIP. 


534100B-2 


Figure 2. LH534100B Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

NOTE 

00 

< 

< 

Address input 


Do - D? 

Data output 



Chip Enable input 


OE/OE 

Output Enable input 

1 


SIGNAL 

PIN NAME 

NOTE 

OE 1 /OE 1 /DC 

Output Enable input/ 

Don’t Care 

1 

Vcc 

Power supply (+5 V) 


GND 

Ground 



NOTE: _ _ 

1. Active levels of OEi/OE/DC and OE/OE are mask-programmable. 

Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 
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LH534100B 


CMOS 4M Mask-Programmable ROM 


TRUTH TABLE 



OE/OE 

OEi/^i 

MODE 

D0-D7 

SUPPLY CURRENT 

H 

X 

X 

Non selected 

High-Z 

Standby (Isb) 

L 

X 

L7H 

Non selected 

High-Z 

Operating (Ice) 

L 

UH 

X 

Non selected 

High-Z 

Operating (Ice) 

L 

H/L 

H/L 

Selected 

Dout 

Operating (Ice) 


NOTE: 

X = H or L 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vcc 

-0.3 to+7.0 

V 

1 

Input voltage 

ViN 

-0.3 to Vcc 40.3 

V 

Output voltage 

VOUT 

-0.3 to Vcc 40.3 

V 

Operating temperature 

Topr 

0 to +70 



Storage temperature 

Tstg 

-55 to +150 




NOTE: 

1 . The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

ViL 


-0.3 


0.8 

V 


Input ‘High’ voltage 

ViH 


2.2 


Vcc+0.3 

V 


Output ‘Low’ voltage 

VoL 

lOL = 2.0 mA 



0.4 

V 


Output ‘High’ voltage 

VoH 

lOH = -400 jiA 

2.4 



V 


Input leakage current 

MliI 

V|N = 0 V to Vcc 



10 

pA 


Output leakage current 

IIloI 

VouT = 0 V to Vcc 



10 

^lA 

1 

Operating current 

lcci 

tRc = 200 ns 



50 

mA 

2 

ICC2 

tRC = 1 |XS 



45 

ICC3 

tRC = 200 ns 



45 

mA 

3 

ICC4 

tRC = 1 pS 



40 

Standby current 

ISBI 

I 
> 

II 
ILU 

lo 



3 

mA 


ISB2 

CE = Vcc - 0.2 V 



100 

HA 



NOTK^ 

1 . CE/OE/OEi = V,H or OE/OEi = V|L 

2 . V(N = V|hA/|l, CE = V|L, outputs open 

3 . V|N = (Vcc ■ 0-2 V) or 0.2 V, CE = 0.2 V, outputs open 

CAUTION 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 
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CMOS 4M Mask-Programmable ROM 


LH534100B 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 

200 


ns 


Address access time 

tAA 


200 

ns 


Chip enable time 

tACE 


200 

ns 


Output enable time 

tOE 


80 

ns 


Output hold time 

tOH 

10 


ns 


CE to output in High-Z 

tCHZ 


80 

ns 

1 

OE to output in High-Z 

tOHZ 


80 

ns 


NOTE: 

1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.6 V to 2.4 V 

Input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

0.8 V and 2.2 V 

Output load condition 

1TTL +100 pF 


CAPACITANCE (Vcc = 5 V ±10%, f = 1 MHz, Ta = 25°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Input capacitance 

CiN 



10 

pF 

Output capacitance 

COUT 



10 

pF 


Aq- A^e 


CE 


OE/OEi 

OE/OE1 


Dq- D 7 


fRC 





) 

(_) 

( 


tAA(NOTE) 








k 


i 

tACE (NOTE) 



^CHZ 



_1 


X 


) 

( 

\ 



toE (NOTE) 



^HZ 



toH 



_//A 

1 3 

DATA VALID _ 


m3 

LLU 



NOTE: Data becomes valid after the intervals Iaa. tACE> foE address 
input, chip enable or output enable, respectively have been met. 


534100B-3 


Figure 3. Timing Diagram 
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LH534100B CMOS 4M Mask-Programmable ROM 

ORDERING INFORMATION 



4-72 


SHARP 





LH534500A 


CMOS 4M (512K x 8/256K x 16) 
Mask-Programmable ROM 


FEATURES 

• Memory organization seiection: 

524,288 X 8 bit (byte mode) 

262,144 X 16 bit (word mode) 

• BYTE input pin selects bit configuration 

• Access time: 150 ns (MAX.) 

• Low-power consumption; 

Operating: 275 mW (MAX.) 

Standby: 550 pW (MAX.) 

• Static operation (internal sync, system) 

• TTL compatible I/O 

• Three-state outputs 


• Packages: 

40-pin, 600-mil DIP 

40-pin, 525-mil SOP 

48-pin, 12 X 18 mm^ TSOP (Type I) 

44-pin, 14 X 14 mm^QFP 

• x16 word-wide pinout 

DESCRIPTION 

The LH534500A is a 4M bit mask-programmable 
ROM with two programmable memory organizations of 
byte and word modes. It is fabricated using silicon-gate 
CMOS process technology. 


• Single +5 V power supply 
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LH534500A 


CMOS 4M Mask-Programmable ROM 
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CMOS 4M Mask-Programmable ROM 


MEMORY 
MATRIX 
(524,288 X 8) 
(262,144x16) 


COLUMN SELECTOR 


LH534500A 



CE 

BUFFER 


TIMING 

GENERATOR 


SENSE AMPLIFIER 


OE/OE 

BUFFER 


BYTEA/VORD 

SWITCHOVER 

CIRCUIT 


ADDRESS 

BUFFER 


I 


NOTE: Pin numbers apply to 40-pin DIP. 


PIN DESCRIPTION 


Figure 3. LH534500A Block Diagram 


A.1 

Address input 

1 

Ao - Ai7 

Address input 


Do - Di5 

Data output 



Chip Enable input 



OE/OE 

Chip Enable input 

2 

BYTE 

Byte/word mode switch 


Vcc 

Power supply (-^5 V) 


GND 

Ground 



NOTES: 

1. D 15 /A .1 pin becomes LSB address input (A .^) whe n the bit configuration is set in byte mode, 
and data output (D^s) when in word mode. BYTE input pin selects bit configuration. 

2. Active level of OE/OE Is mask-programmable. 
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LH534500A 


CMOS 4M Mask-Programmable ROM 


TRUTH TABLE 


CE 

OE/m 

BYTE 

A-i 

MODE 

Do - Dz 

Da - Dis 

SUPPLY CURRENT 

H 

X 

X 

X 

Non selected 

High-Z 

Standby (Isb) 

L 

UH 

X 

X 

Non selected 

High-Z 

Operating (Ice) 

L 

H/L 

H 

Inhibit 

Word 

Do - Dy 

De - Di5 

Operating (Ice) 

L 

H/L 

L 

L 

Byte 

Do - D? 

High-Z 

Operating (Ice) 

L 

H/L 

L 

H 

Byte 

Ds- Di5 

High-Z 

Operating (Ice) 


NOTE: 

X = High or Low 

The input state of BYTE must not be changed during operation. The BYTE pin must be set to either High or Low. 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vee 

-0.3 to +7.0 

V 

1 

Input voltage 

ViN 

-0.3 to Vee +0.3 

V 

Output voltage 

VOUT 

-0.3 to Vee +0.3 

V 

Operating temperature 

Topr 

0 to +70 



Storage temperature 

Tstg 

-55 to +150 

"C 



NOTE: 

1. The maximum applicable voltage on any pin with respect to GND 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vee 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

ViL 


-0.3 


0.8 

V 


Input ‘High’ voltage 

ViH 


2.2 


Vee +0.3 

V 


Output ‘Low’ voltage 

VoL 

lOL = 2.0 mA 



0.4 

V 


Output ‘High’ voltage 

VOH 

lOH = -400 pA 

2.4 



V 


Input leakage current 

IIliI 

ViN = 0 V to Vee 



10 

pA 


Output leakage current 

1 IloI 

VouT = 0 V to Vee 



10 

HA 

1 

Operating current 

leei 

tpe = 150 ns 



50 

mA 

2 

Iee 2 

(0 

II 

o 



45 

lees 

tRC = 150 ns 



45 

mA 

3 

Iee4 

tRe = 1 ps 



40 

Standby current 

ISB1 

X 

> 

II 

|UJ 

lo 



5 

mA 


ISB2 

CE = Vee - 0.2 V 



100 

t*A 



NOTES:_ 

1 . OE = V|L, CE/OE = V|H 

2 . V,N = VihA^il, CE = V|L, outputs open 

3. V|N = (Vcc ■ 0-2 V) or 0.2 V, CE = 0.2 V, outputs open 
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CMOS 4M Mask-Programmable ROM 


LH534500A 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 

150 



ns 


Address access time 

tAA 



150 

ns 


Chip enable access time 

tACE 



150 

ns 


Output enable delay time 

tOE 



70 

ns 


Output hold time 

tOH 

5 



ns 


CE to output in High-Z 

tCHZ 



70 

ns 

1 

OE to output in High-Z 

tOHZ 



70 

ns 


NOTE: 

1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.6 V to 2.4 V 

Input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

0.8 V and 2.2 V 

Output load condition 

1TTL -1-100 pF 


CAPACITANCE (Vcc = 5 V +10%, f = 1 MHz, Ta = 25°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Input capacitance 

CiN 



10 

pF 

Output capacitance 

COUT 



10 

pF 


(NOTE 2) 

A.1 - Ai7 - 

(Aq - A 17 ) - 


^RC 


X 


tAA(NOTEI) 


I 


CE 



OE - 

OE - 

(NOTE 2) 
Dq - D 7 _ 

(D0-D15) 


tACE(NOTE 1) 


X 


toE(NOTE 1) 




/ 


X 


k;Hz 


k>HZ 


VALID 


m 


tpH 


NOTES: 

1. Data becomes valid after the intervals tAA> tACE k>E address 
input, chip enable, and output enable, respectively have been met. 

2. Applies to byte mode. Signals in parentheses apply to word mode. 534500-3 


Figure 4. Timing Diagram 


SH/VRF> 
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LH534500A 


CMOS 4M Mask-Programmable ROM 


ORDERING INFORMATION 


LH534500A X -## 

Device Type Package Speed 

I- 15 150 Access Time (ns) 

f D 40-pin. 600-mil DIP (DIP40-P-600) 

_ N 40-pin, 525-mil SOP (SOP40-P-525) 

T 48-pin, 12x18 mm^ TSOP (TSOP48-P-1218: Type I) 

IM 44-pin. 14x14 mm^ QFP (QFP44-P-1414) 

- CMOS 4M (512K x 8 or 256K x 16) Mask Programmable ROM 


Example: LH534500AD-15 (CMOS 4M (512K x 8) Mask Programmable ROM, 150 ns, 40-pin, 600-mil DIP) 

_534500-6 
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LH534600A 


CMOS 4M (512K x 8/256K x 16) 
Mask-Programmable ROM 


FEATURES 


DESCRIPTION 


• 524,288 X 8 bit organization 

(Byte mode) 

262,144 X 16 bit organization 
(Word mode) 

• BYTE input pin selects bit configuration 

• Access time: 100 ns (MAX.) 

• Low-power consumption: 

Operating: 550 mW (MAX.) 

Standby: 1.65 mW (MAX.) 

• Static operation (internal sync, system) 

• Automatic power-down mode 

• TTL compatible I/O 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 

40-pin, 600-mil DIP 
40-pin, 525-mil SOP 
44-pin, 14x14 mm^ QFP 
48-pin, 12x18 mm^ TSOP (Type I) 

• x16 word-wide pinout 


The LH534600A is a 4M bit mask-programmable 
ROM with two programmable memory organizations of 
byte and word modes. It Is fabricated using silicon-gate 
CMOS process technology. 

PIN CONNECTIONS 



3HIARR 


Figure 1. Pin Connections for DIP, SOP, and 
QFP Packages 
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LH534600A 


CMOS 4M Mask-Programmable ROM 



Figure 2. LH534600A Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

NOTE 

A-1 

Address input 
(BYTE MODE) 

1 

Ao - Ai7 

Address input 


Do - Di5 

Data output 



Chip Enable input 



SIGNAL 

PIN NAME 

NOTE 

OE/OE 

Output Enable input 

2 

BYTE 

Byte/word switch 


Vcc 

Power supply (+5 V) 


GND 

Ground 



NOTES: 

1. D 15 /A .1 pin becomes LSB address input (A .^) whe n the bit configuration is set in byte mode, 
and data output (D 15 ) when In word mode. BYTE input pin selects bit configuration. 

2. Active level of OE/OE is mask-programmable. 
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CMOS 4M Mask-Programmable ROM 


LH534600A 


TRUTH TABLE 




bWe 

A.1 

MODE 

Do - D7 

Ds - Dis 

SUPPLY CURRENT 

NOTE 

H 

X 

X 

X 

Non selected 

High-Z 

Standby (Isb) 

1 

L 

H 

X 

X 

Non selected 

High-Z 

Operating (lex:) 

L 

L 

H 

Input 

inhibit 

Word 

Do - D? 

Da - Di5 

Operating (Ice) 


L 

L 

L 

L 

Byte 

Do - D? 

High-Z 

Operating (Ice) 


L 

L 

L 

H 

Byte 

Da - Di5 

High-Z 

Operating (lee) 



NOTE: _ _ 

1 . The input state of BYTE pin must not be changed during operation. The BYTE pin must be set to either High or Low. 
X = H or L 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vee 

-0.3 to +7.0 

V 

1 

Input voltage 

ViN 

-0.3 to Vee +0.3 

V 

Output voltage 

VOUT 

-0.3toVce+0.3 

V 

Operating temperature 

Topr 

0 to +70 



Storage temperature 

Tstg 

-55 to +150 




NOTE: 

1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vee 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +7000 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

ViL 


-0.3 


0.8 

V 


Input ‘High’ voltage 

ViH 


2.2 


Vee +0.3 

V 


Output ‘Low’ voltage 

VoL 

loL = 2.0 mA 



0.4 

V 


Output ‘High’ voltage 

VOH 

lOH = -400 pA 

2.4 



V 


Input leakage current 

MliI 

ViN = 0 V to Vee 



10 

pA 


Output leakage current 

1 Ilo I 

VouT = 0 V to Vee 



10 

pA 

1 

Operating current 

leei 

tRc = 100 ns 



100 

mA 

2 

ICC2 

tne = 1 ps 



70 

lees 

tRc = 100 ns 



100 

mA 

3 

Iec4 

tRC = 1 ps 



70 

Standby current 

ISBI 

X 

> 

II 

ILU 

lo 



3 

mA 


ISB2 

CE = Vee - 0.2 V 



300 

HA 



NOTES:_ 

1. OE = V|L, CE/OE = V|H 

2 . V,n = V|hW|l,CE = V|l, outputs open 

3. V|N = (Vqc - 0.2 V) or 0.2 V, ^ = 0.2 V, outputs open 


SI-fARF> 
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LH534600A 


CMOS 4M Mask-Programmable ROM 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

LH534600 

UNIT 

NOTE 

MIN. 

TYP. 

MAX. 

Read cycle time 

tRC 

100 



ns 


Address access time 

tAA 



100 

ns 


Chip enable access time 

tACE 



100 

ns 


Output enable delay time 

tOE 



40 

ns 


Output hold time 

tOH 

5 



ns 


CE to output in High-Z 

tCHZ 



40 

ns 

1 

OE to ouput in High-Z 

tOHZ 



40 

ns 


NOTE: 

1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.6 V to 2.4 V 

Input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

1.5 V 

Output load condition 

1TTL-1-100 pF 


CAPACITANCE (Vcc = 5 V ±10%, f = 1 MHz, Ta = 25X) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Input capacitance 

CiN 



10 

pF 

Output capacitance 

COUT 



10 

pF 


CAUTION 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 
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CMOS 4M Mask-Programmable ROM 


LH534600A 



(NOTE 2) 

A-i - Ai7 — 
(Ao-A,7) - 


(NOTE 2) 

D0-D7 

(Do-Dis) 



NOTES: 

1. Data becomes valid after the intervals t/^ t^cE ^nd toE from address 
input and output enable input, respectively have been met. 

2. Apply to byte mode. Signals in parentheses apply to word mode. 


Figure 3. Timing Diagram 


ORDERING INFORMATION 


LH534600A 
Device Type 


X 

Package 


10 100 Access Time (ns) 

D 40-pin, 600-mil DIP (DIP40-P-600) 

M 44-pin, 14x14 mm^ QFP (QFP44-P-1414) 

N 40-pin, 525-mil SOP (SOP40-P-525) 

. T 48-pin, 12 X 18 mm2 jgQp (jyp^ ,) (TSOP48-P-1218) 

CMOS 4M (512K X 16) Mask Programmable ROM 


Example: LH534600AD-10 (CMOS 4M Mask Programmable ROM, 100 ns, 40-pln, 600-mil DIP) 
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LH538P00A 


CMOS 8M (1M X 8/512K x 16) 
Mask-Programmable ROM 


FEATURES 

• 1,048,576 X 8 bit organization 

(Byte mode) 

524,288 X 16 bit organization 
(Word mode) 

• Access time; 120 ns (MAX.) 

• Power consumption: 

Operating: 330 mW (MAX.) 

Standby: 550 pW (MAX.) 

• Static operation 

• TTL compatible I/O 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 

42-pin, 600-mil DIP 

44-pin, 600-mil SOP 

48-pin, 12x18 mm^ TSOP (Type I) 

DESCRIPTION 

The LH538P00A is an 8M-bit mask-programmable 
ROM organized as 1,048,576 x 8 bits (Byte mode) or 
52 4,288 X 16 bits (Word mode) that can be selected 
by BYTE input pin. It is fabricated using silicon-gate 
CMOS process technology. 


PIN CONNECTIONS 


42-PIN DIP 

f - 

_ TOP VIEW 

AisC 

1 « 

42 

□ nc 

Ai 7 [I 

2 

41 

□ Ag 

A7II 

3 

40 

D Ag 

AgC 

4 

39 

^ A10 

AsC 

5 

38 

H A11 

A4II 

6 

37 

□ Ai2 

A3 c 

7 

36 

li Ai 3 

A2II 

8 

35 

□ Ai 4 

m: 

9 

34 

^ Ai 5 

AoC 

10 

33 

^ A^e 

CEE 

11 

32 

□ BYTE 

gndC 

12 

31 

□ gnd 

oeC 

13 

30 

□ D, 5 /A., (NOTE) 

Dq E 

14 

29 

□D, 

DqE 

15 

28 

□ d„ 

DiE 

16 

27 

□ De 

D9E 

17 

26 

□ 0,3 

□2 E 

18 

25 

□ Ds 

D10CI 

19 

24 

□ D ,2 

D3 E 

20 

23 

□ D4 

D11E 

21 

22 

jn 



J 


NOTE: The D 15 /A .1 pin becomes LSB address input (A.i) when 

the BYTE pin is set to be low In byte mode, and data 

output (D 15 ) when set to be high In word mode. 




538 P 00 A -1 1 


Figure 1. Pin Connections for DIP Package 
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CMOS 8M Mask-Programmable ROM 


LH538P00A 



SHARR 
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LH538P00A 


CMOS 8M Mask-Programmable ROM 



Figure 4. LH538P00A Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

Ai - Ai8 

Address input 

Do “ Di5 

Data output 


Chip enable input 

OE 

Output enable input 


SIGNAL 

PIN NAME 

BYTE 

Byte/word switch 

Vcc 

Power supply (+5 V) 

GND 

Ground 
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CMOS 8M Mask-Programmable ROM 


LH538P00A 


TRUTH TABLE 


CE 

OE 

BYTE 

A-i (Dis) 

DATA OUTPUT 

ADDRESS INPUT 

SUPPLY CURRENT 

Do - Dz 

Do - Di5 

LSB 

MSB 

H 

X 

X 

X 

High-Z 

High-Z 

- 

- 

Standby (Isb) 

L 

H 

X 

X 

High-Z 

High-Z 

- 

- 

Operating (Ice) 

L 

L 

H 

- 

Do - D7 

Da - Di5 

Ao 

Aia 

Operating (Ice) 

L 

L 

L 

L 

Do - 0? 

High-Z 

A-1 

Aia 

Operating (Ice) 

L 

L 

L 

H 

Da - Di5 

High-Z 

A.1 

Aia 

Operating (Ice) 


NOTE: 

X = H or L 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

Input voltage 

ViN 

-0.3 to Vcc +0.3 

V 

Output voltage 

VOUT 

-0.3 to Vcc +0.3 

V 

Operating temperature 

Topr 

0 to +70 


Storage temperature 

Tstg 

-65 to +150 



RECOMMENDED OPERATING CONDITIONS (Ta= 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

ViL 


-0.3 


0.8 

V 


Input ‘High’ voltage 

ViH 


2.2 


Vcc +0.3 

V 


Output ‘Low’ voltage 

VoL 

lOL = 2.0 mA 



0.4 

V 


Output ‘High’ voltage 

VOH 

loH = -400 pA 

2.4 



V 


Input leakage current 

Mu I 

ViN = 0 V to Vcc 



10 

pA 


Output leakage current 

MloI 

VouT = 0 V to Vcc 



10 

pA 

1 

Operating current 

lcci 

tRc = 120 ns 



60 

mA 

2 

ICC2 

tRc = 1 ps 



45 

Standby current 

ISB1 

I 
> 

II 
|L1J 

lo 



2 

mA 


ISB2 

CE = Vcc - 0.2 V 



100 

HA 


Input capacitance 

C|N 

f = 1 MHz, tA = 25'’C 



10 

PF 


Output capacitance 

CoUT 



10 

pF 



NOTES: _ 

1. CE = V|H, OE = V|H, outputs open 

2. V|N = V|hA/|l, UE = V|L, outputs open 

CAUTION 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 


SHARR 
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LH538P00A 


CMOS 8M Mask-Programmable ROM 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 

120 



ns 


Address access time 

tAA 



120 

ns 


Chip enable time 

tACE 



120 

ns 


Output enable time 

tOE 



55 

ns 


Output hold time 

tOH 

5 



ns 


CE to output in High-Z 

tCHZ 



50 

ns 

1 

OE to output in High-Z 

tOHZ 



50 

ns 


NOTE: 

1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.6 V to 2.4 V 

Input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

1.5 V 

Output load condition 

1TTL + 100 pF 


A-i - Ai£ 


CE 


OE 


Dq- D/ 


Vic 


X 


tAA(NOTE) 


K 


tACE(NOTE) 




toE(NOTE) 




/■ 


_JCHZ 




^HZ 




DATA VALID 




NOTE: The output data becomes valid when the last inten^al, t^A, t^cE’ or foE» *^®ve concluded. 


538POOA-3 


Figure 5. Byte Mode (BYTE = Vil) 
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CMOS 8M Mask-Programmable ROM 


LH538P00A 



Figure 6. Word Mode (BYTE = Vih) 


ORDERING INFORMATION 



SHARR 
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LH538R00A 


CMOS 8M (1M X 8) Mask-Programmable ROM 


FEATURES 

• 1,048,576 X 8 bit organization 

• Access time: 120 ns (MAX.) 

• Low-power consumption: 

Operating: 330 mW (MAX.) 

Standby: 550 pW (MAX.) 

• Programmable output enable 

• Fully-static operation 

• TTL compatible I/O 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 

32-pin, 600-mil DIP 

32-pin, 525-mil SOP 

32-pin, 8 X 20 mm^ TSOP (Type II) 

DESCRIPTION 

The LH538R00A is a mask-programmable ROM 
organized as 1,048,576 x 8 bits. It is fetbricated using 
silicon-gate CMOS process technoiogy. 


PIN CONNECTIONS 



Figure 1. Pin Connections for DIP Package 



Figure 2. Pin Connections for SOP Package 
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CMOS 8M Mask-Programmable ROM 


LH538R00A 



Figure 3. LH538R00A Block Diagram 


PIN DESCRIPTION 



SHARR 
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LH538R00A 


CMOS 8M Mask-Programmable ROM 


TRUTH TABLE 


CE 

Cl 

Do-Dt 

SUPPLY CURRENT 

H 

X 

High-Z 

Standby (Isb) 

L 

H 

High-Z 

Operating (Ice) 

L 

L 

Dout 

Operating (Ice) 


NOTE: 

X = H or L 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

Supply voltage 

Vee 

-0.3 to +7.0 

V 

Input voltage 

ViN 

-0.3 to Vee +0.3 

V 

Output voltage 

VoUT 

-0.3 to Vee +0.3 

V 

Operating temperature 

Topr 

Oto+70 

°c 

Storage temperature 

Tstg 

-65 to +150 



RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70^C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vee 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70X) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

ViL 


-0.3 


0.8 

V 


Input ‘High’ voltage 

ViH 


2.2 


Vee +0.3 

V 


Output ‘Low’ voltage 

VoL 

loL = 2.0 mA 



0.4 

V 


Output ‘High’ voltage 

VOH 

lOH = -400 pA 

2.4 



V 


Input leakage current 

I III I 

V|N = 0 V to Vee 



10 

nA 


Output leakage current 

I Ilo I 

VouT = 0 V to Vee 



10 

^A 

1 

Operating current 

leei 

tRe = 120 ns 



60 

mA 

2 

Iee 2 

tRe = 1 ps 



45 

Standby current 

ISB1 

I 
> 

II 
|LU 

lo 



3 

mA 


ISB2 

CE = Vee - 0.2 V 



100 

|iA 


Input capacitance 

C|N 

f = 1 MHz, tA = 25X 



10 

pF 


Output capacitance 

COUT 



10 

PF 



NOTK: 

1. OE = V|H, ^ = V|H, outputs open 

2. V,N = V|hA/|l, CE = V|L, outputs open 
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CMOS 8M Mask-Programmable ROM 


LH538R00A 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 

120 



ns 


Address access time 

tAA 



120 

ns 


Chip enable time 

tACE 



120 

ns 


Output enable time 

tOE 



55 

ns 


Output hold time 

tOH 

5 



ns 


CE to output in High-Z 

tCHZ 



50 

ns 

1 

OE to output in High-Z 

tOHZ 



50 

ns 


NOTE: 

1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.6 V to 2.4 V 

input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

1.5 V 

Output load condition 

1TTL-I-100 pF 


Aq" Aij 


CE 


OE 


Dq- Dy 


X 


^RC 


tAA(NOTE) 


\ 


tACE(NOTE) 




toE(NOTE) 


-m 




^CHZ 


X 


foHZ 


toE 


DATA VALID 




NOTE: The output data becomes valid when the last interval, t^A, t^cE* o'" foE» concluded. 


Figure 4. Timing Diagram 


CAUTION 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 


SHARR 
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LH538R00A 


CMOS 8M Mask-Programmable ROM 


ORDERING INFORMATION 


LH536 

Devic( 

JROOA ) 

3 Type Pad 

( -## 
cage Speed 

1- 12 120 Access Time (ns) 

f D 32-pin, 600-mil DIP (DIP32-P-600) 

- N 32-pin, 525-mil SOP {SOP32-P-525) 

[t 32-pin, 8 X 20 mm^ TSOP (Type II) (TSOP32-P-0820) 

Example: LH538R00AD-12 (CMOS 8M (1M x 8) Mask-Programmable ROM, 120 ns, 32-pin, 600-mil DIP) 

S38ROO-4 
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LH538000-S 


FEATURES 

• Low power supply: 

2.6 to 5.5 V 

• 1,048,576 X 8 bit organization 

(Byte mode) 

524,288 X 16 bit organization 
(Word mode) 

• Access time: 

500 ns (MAX.) at 2.6 V < Vcc < 4.5 V 
200 ns (MAX.) at 4.5 V < Vcc < 5.5 V 

• Static operation 

• Three-state output 

• Packages: 

42-pin, 600-mil DIP 
44-pin, 600-mil SOP 
64-pin, 14 X 20 mm^ QFP 
48-pin, 12x18 mm^ TSOP (Type I) 

DESCRIPTION 

The LH538000-S is a CMOS 8M-bit mask-programma¬ 
ble ROM organized as 1,048,576 x 8 bits (Byte mode) 
or 524,28 8 x 16 bits (Word mode) that can be selected 
by BYTE input pin. 

It is suited for use in compact battery back-up systems 
due to be operated on 3 V power supply. 


PRELIMINARY 

CMOS 8M (1M x 8/512K x 16) 
3 V-Drive Mask-Programmable ROM 


PIN CONNECTIONS 


42-PIN DIP 

Ai 8 C 

f' 

42 

TOP VIEW 

□ NC 

Ai7 C 

2 

41 

Z1 Ag 

A 7 C 

3 

40 

□ Ao 

Ae C 

4 

39 


A5II 

5 

38 

□ A11 

A4C 

6 

37 

□ Ai2 

A3 c 

7 

36 

^ Ai3 

A2 c: 

8 

35 

□ Ai4 

A,C 

9 

34 

H A^s 

AoC 

10 

33 

□ Aie 

CE C 

11 

32 

□ byte 

GND C 

12 

31 

□ gnd 

OE C 

13 

30 

□ D15/A.1 

Do C 

14 

29 

□ D7 

Do C 

15 

28 

□ D ,4 

D, C 

16 

27 

□ Do 

DsC 

17 

26 

□D,3 

DoC 

18 

25 

□Do 

D,o C 

19 

24 

□ Di2 

D 3 [Z 

20 

23 

□ d. 

D,,!! 

21 

22 

□Vcc 


<_ 
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Figure 1. Pin Connections for DIP Package 
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LH538000-S 


CMOS 8M 3 V-Drive Mask-Programmable ROM 



4-96 


SHAJRR 







































CMOS 8M 3 V-Drive Mask-Programmable ROM 


LH538000-S 



Figure 5. LH538000-S Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

> 

> 

Address input 

Do - Di5 

Data output 

BYTE 

Byte/Word switch 

CE 

Chip enable input 


SIGNAL 

PIN NAME 

OE 

Output enable input 

Vcc 

Power supply 

GND 

Ground 


NOTE: 

The D^s/A. ^ pin becomes LSB address input (A.^) when the bit configuration is set to byte mode, and data output (D^s) when in word mode. 
The BYTE input pin selects bit configuration. 
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LH538000-S 


CMOS 8M 3 V-Drive Mask-Programmable ROM 


TRUTH TABLE 


CE 

OE 

BYTE 

A-i (Dis) 

DATA OUTPUT 

MODE 

ADDRESS INPUT 

SUPPLY 

CURRENT 

D0-D7 

De ■ Dis 

LSB 

MSB 

H 

X 

X 

X 

High-Z 

High-Z 

High-Z 

- 

- 

Standby (Isb) 

L 

H 

X 

X 

High-Z 

High-Z 

- 

- 

Operating (Ice) 

L 

L 

H 

Inhibit 

Do - D 7 

Ds - Di5 

16-bit 

Ao 

Ai8 

Operating (Ice) 

L 

L 

L 

L 

Do - Dy 

High-Z 

8-bit 

A-i 

Ai8 

Operating (Ice) 

L 

L 

L 

H 

Do - Di5 

High-Z 

8-bit 

A-1 

Ai8 

Operating (lee) 


NOTE: 

X = Don’t care, High-Z = High-impedance 

ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

Supply voltage 

Vee 

-0.3 to +7.0 

V 

Input voltage 

ViN 

-0.3 to Vee+ 0.3 

V 

Output voltage 

VOUT 

-0.3toVce + 0.3 

V 

Operating temperature 

Topr 

0 to +70 


Storage temperature 

Tstg 

-55 to +150 

‘^C 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to + 70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vee 

2.6 


5.5 

V 


DC CHARACTERISTICS (Vcc = 2.6 to 5.5 V, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

TEST CONDITION 

MIN. 

MAX. 

UNIT 

NOTE 

Input ‘High’ voltage 

ViH 


0.8Vee 

Vee + 0.3 

V 


Input ‘Low’ voltage 

ViL 


-0.3 

0.4 

V 


Output ‘High’ voltage 

VOH 

lOH = -100 pA 

0.8Vee 


V 


Output ‘Low’ voltage 

VoL 

loL = 400 pA 


0.4 

V 


Input leakage current 

MliI 

ViN= 0 V to Vee 


10 

pA 


Output leakage current 

IIloI 

VouT = 0 V to Vee 


10 

pA 

1 

Operating current 

leei 

tRe = 200 ns 


50 

mA 

2 

Iee 2 

tpe = 1 ps 


40 

mA 

2 

lees 

tRe = 200 ns 


45 

mA 

3 

Iee4 

tRe = 1 ps 


35 

mA 

3 

Standby current 

ISBI 

X 

> 

II 

|LU 

10 


3 

mA 


ISB2 

CE = Vee - 0.2 V 


100 

pA 


Input capacitance 

CiN 

f = 1 MHz, Ta = +25°C 


10 

PF 


Output capacitance 

Cout 


10 

pF 



NOTK: _ 

1. CE = V|H, OE = V|H. outputs open 

2. V|N = V|H, V|L, ^ = V|L, outputs open 

3. V|N = (Vcc “ 0.2 V). 0.2 V, ^ = 0.2 V, outputs open 
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CMOS 8M 3 V-Drive Mask-Programmable ROM 


LH538000-S 


AC CHARACTERISTICS (Ta = 0 to +70X) 

PARAMETER SYMBOL _,_ 


4.5 < Vcc ^ 5.5 


Read cycle time 

tRC 

500 


200 


ns 

Address access time 

tAA 


500 


200 

ns 

Chip enable time 

tACE 


500 


200 

ns 

Output enable time 

tOE 


150 


80 

ns 

Output hold time 

tOH 

10 


5 


ns 

CE to output in High-Z 

tCHZ 


150 


70 

ns 

OE to output in High-Z 

tOHZ 


150 


70 

ns 


NOTE: 

1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.4 to 2.6 V 

input rise/fail time 

10 ns 

Input/output reference level 

1.5 V 

Output load condition 

1TTL+100 pF 



NOTE: Data becomes valid after the t^A, tACE> from address 

input, chip enable, and output enable, respectively, have been met. 


Figure 6. Byte Mode (BYTE = Vil) 
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LH538000-S CMOS 8M 3 V-Drive Mask-Programmable ROM 



Figure 7. Word Mode (BYTE s Vih) 


ORDERING INFORMATION 

LH538000-S X - ## 

Device Type Package Speed 

I I I- 50 500 Access Time (ns) 

42-pin, 600-mil DIP (DIP42-P-600) 

64-pin, 14 X 20 mm^ QFP (QFP64-P-1420) 

44-pin, 600-mil SOP (SOP44-P-600) 

48-pin, 12x18 mm^TSOP (TSOP48-P-1218; Type I) 

'-CMOS 8M (1M X 8 OR 512K x 16) Mask-Programmabie ROM 

Example: LH538000-SD-50 (CMOS 8M (1M x 8) Mask-Programmable ROM, 200 ns, 42-pin, 600-mil DIP) 

____ 538000S-8 


D 

M 

N 

T 
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LH538300B 


CMOS 8M (1M X 8) Mask-Programmable ROM 


FEATURES 

• 1,048,576 X 8 bit organization 

• Access time: 150 ns (MAX.) 

• Low-power consumption: 

Operating: 275 mW (MAX.) 

Standby: 550 pW (MAX.) 

• Fully-static operation 

• TTL compatible I/O 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 

32-pin, 600-mil DIP 

32-pin, 525-mil SOP 

32-pin, 8 X 20 mm^ TSOP (Type II) 

DESCRIPTION 

The LH538300B is a mask-programmable ROM 
organized as 1,048,576 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 


PIN CONNECTIONS 


32-PIN DIP 


TOP VIEW 






Aiglll 

1 • 

32 

□ Vcc 

AieCI 

2 

31 

Ai8 

A15III 

3 

30 

□ Ai7 

A 12 IZ 

4 

29 

I] Ai4 

A 7 C 

5 

28 

^ Ai3 

AelZ 

6 

27 

□ Aq 

A 5 II 

7 

26 

Z] Ag 

A 4 C: 

8 

25 

□ Aii 

A 3 II 

9 

24 

□ OE 

A 2 II 

10 

23 

Zl A 10 

Aid 

11 

22 

□ CE 

Aod 

12 

21 

□ D 7 

Dod 

13 

20 

d Dg 

Did 

14 

19 

□ Ds 

Dad 

15 

18 

□ D 4 

GNDd 

16 

17 

□ D 3 



J 
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Figure 1. Pin Connections for DIP Package 


32-PIN SOP 




TOP VIEW 






Aigd 

1 • 

32 

n. 


Aied 

2 

31 

Zl Ai 8 


Aisd 

3 

30 

Zl Ai7 


Aiad 

4 

29 

□ A^4 


ArC 

5 

28 

Zl Ai3 


AfiC 

6 

27 

□ Ae 


A5I: 

7 

26 

Z] Ag 


A4d 

8 

25 

□ Aii 


A3d 

9 

24 

□ OE 


Aad 

10 

23 

□ A 10 


Aid 

11 

22 

□ ^ 


Agd 

12 

21 

□ Dy 


Dgd 

13 

20 

□ Dg 


Did 

14 

19 

□D 5 


D2d 

15 

18 

□D 4 


GNDd 

16 

17 

□D3 




J 
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Figure 2. Pin Connections for SOP Package 
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LH538300B 


CMOS 8M Mask-Programmable ROM 



Figure 3. LH538300B Block Diagram 


PIN DESCRIPTION 

I SIGNAL I PIN NAME 

Address input 
Data output 
Chip Enable input 


Aq - Ai 9 
Do - Dy 
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CMOS 8M Mask’Programmable ROM 


LH538300B 


TRUTH TABLE 




Do-Dr 

SUPPLY CURRENT 

H 

X 

High-Z 

Standby (Isb) 

L 

H 

High-Z 

Operating (Ice) 

L 

L 

Dout 

Operating (Ice) 


NOTE: 

X = H or L 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

Supply voltage 

Vee 

-0.3 to +7.0 

V 

Input voltage 

ViN 

-0.3 to Vee +0.3 

V 

Output voltage 

VoUT 

-0.3 to Vee +0.3 

V 

Operating temperature 

Topr 

0 to +70 

°c 

Storage temperature 

Tstg 

-65 to +150 

"C 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vee 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

ViL 


-0.3 


0.8 

V 


Input ‘High’ voltage 

ViH 


2.2 


Vee +0.3 

V 


Output ‘Low’ voltage 

VoL 

lOL = 2.0 mA 



0.4 

V 


Output ‘High’ voltage 

VOH 

loH = -400 pA 

2.4 



V 


Input leakage current 

ilLlI 

V|N = 0 V to Vee 



10 

pA 


Output leakage current 

I Ilo I 

VouT = 0 V to Vee 



10 

pA 

1 

Operating current 

leei 

tRc = 150 ns 



50 

mA 

2 

Iee 2 

tRC = 1 ps 



40 

Standby current 

ISB1 

I 
> 

II 
ILU 

lo 



3 

mA 


ISB2 

CE = Vee - 0.2 V 



100 

pA 


Input capacitance 

CiN 

f = 1 MHz, tA = 25°C 



10 

pF 


Output capacitance 

COUT 



10 

PF 



NOTK: _ 

1. OE = V|H, CE = V|H, outputs open 

2. V,N = V|hA/|l, CE = V|L, outputs open 
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LH538300B 


CMOS 8M Mask-Programmable ROM 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 

150 



ns 


Address access time 

tAA 



150 

ns 


Chip enable time 

tACE 



150 

ns 


Output enable time 

tOE 



70 

ns 


Output hold time 

tOH 

5 



ns 


CE to output In High-Z 

tCHZ 



60 

ns 

1 

OE to output In High-Z 

tOHZ 



60 

ns 


NOTE: 

1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.6 V to 2.4 V 

Input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

0.8 V and 2.2 V 

Output load condition 

1TTL -f-IOOpF 


CE 


OE 


Dq- Dy 




_^RC 


X 


tAA(NOTE) 


V 


tACE(NOTE) 


\ 


toE(NOTE) 






_JCHZ 


^HZ 


*OH 


m: DATA VALID -m 


NOTE: The output data becomes valid when the 

last inten/al, t^/v, t^cE* or ^e» ^^^e concluded. 


Figure 4. Timing Diagram 


CAUTION 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 
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CMOS 8M Mask’Programmable ROM 


LH538300B 


ORDERING INFORMATION 


LH53i 

Device 

3300B 

3 Type Pac 

K -## 

kage Speed 

I- 15 150 Access Time (ns) 

f D 32-pin, 600-mil DIP (DIP32-P-600) 

- N 32-pin, 525-mil SOP (SOP32-P-525) 

[r 32-pin, 8 X 20 mm^TSOP (Type II) (TSOP32-P-0820) 

Example: LH538300BD-15 (CMOS 8M (1M x 8) Mask-Programmable ROM, 150 ns, 32-pin, 600-mil DIP) 

538300B-4 
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LH538500B 


CMOS 8M (1M X 8/512K x 16) 
Mask-Programmable ROM 


FEATURES PIN CONNECTIONS 


• 1,048,576 X 8 bit organization 

(Byte mode) 

524,288 X 16 bit organization 
(Word mode) 

• Access time; 150 ns (MAX.) 

• Power consumption: 

Operating; 275 mW (MAX.) 

Standby: 550 pW (MAX.) 

• Static operation 

• TTL compatible I/O 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 

42-pin, 600-mil DIP 
44-pin, 600-mil SOP 
44-pin, 14x14 mm^ QFP 
64-pin, 14 X 20 mm^ QFP 
48-pin, 12x18 mm^ TSOP (Type I) 

DESCRIPTION 

The LH538500B is an 8M-bit mask-programmable 
ROM organized as 1,048,576 x 8 bits (Byte mode) or 
52 4,288 X 16 bits (Word mode) that can be selected 
by BYTE input pin. It is fabricated using silicon-gate 
CMOS process technology. 


42-PIN DIP 



TOP VIEW 

AisC 

^ . 

1 « 

.N 

42 

□ no 

Ai7 II 

2 

41 

H Ag 

A71: 

3 

40 

□ Ag 

AeC 

4 

39 

^ A^o 

AsC 

5 

38 

H All 

A 4 [I 

6 

37 

□ Ai2 

A 3 c 

7 

36 

H Ai3 

A 2 I: 

8 

35 

□ Ai4 

AlC 

9 

34 

^ A^5 

AoC 

10 

33 

□ A,e 

ceC 

11 

32 

□ BYTE 

gndC 

12 

31 

□ gnd 

oeC 

13 

30 

□ D 15 /A., (NOTE) 

DoC 

14 

29 

□ D 7 

Dell 

15 

28 

□ d„ 

Did 

16 

27 

□ Oe 

Dg d 

17 

26 

H 0,3 

O 2 C 

18 

25 

=ID3 

Diod 

19 

24 

I] 0,2 

D 3 d 

20 

23 

□D 4 

Diid 

21 

_ 

22 

_ J 

□Vcc 

NOTE: The D 15 /A .1 pin becomes LSB address input (A.^) when 
the BYTE pin is set to be low in byte mode, and data 
output (Dis) when set to be high in word mode. 
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Figure 1. Pin Connections for DiP Package 
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CMOS 8M Mask-Programmable ROM 


LH538500B 
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LH538500B 


CMOS 8M Mask-Programmable ROM 



4-108 


SHARR 






























CMOS 8M Mask-Programmable ROM 


LH538500B 



Figure 6. LH538500B Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 



> 

00 

Address input 

Do - Di5 

Data output 


Chip enable input 

OE 

Output enable input 


SIGNAL 

PIN NAME 



BYTE 

Byte/word switch 

Vcc 

Power supply (+5 V) 

GND 

Ground 

NC 

Non connection 
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LH538500B 


CMOS 8M Mask-Programmable ROM 


TRUTH TABLE 


CE 

OE 

BYTE 

A-i (Dis) 

DATA OUTPUT 

ADDRESS INPUT 

SUPPLY CURRENT 

Do- Dz 

Do - Dis 

LSB 

MSB 

H 

X 

X 

X 

HIgh-Z 

High-Z 

- 

- 

Standby (Isb) 

L 

H 

X 

X 

High-Z 

High-Z 

- 

- 

Operating (Ice) 

L 

L 

H 

- 

Do - D? 

Ds - Dis 

Ao 

Ais 

Operating (Ice) 

L 

L 

L 

L 

Do - D? 

High-Z 

A.1 

Ais 

Operating (Ice) 

L 

L 

L 

H 

Ds - Di5 

High-Z 

A-i 

Ais 

Operating (Ice) 


NOTE: 

X = H or L 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

uNnr 

Supply voltage 

Vcc 

-0.3 to+7.0 

V 

Input voltage 

ViN 

-0.3 to Vcc+0.3 

V 

Output voltage 

VOUT 

-0.3 to Vcc 40.3 

V 

Operating temperature 

Topr 

0 to +70 


Storage temperature 

Tstg 

-65 to +150 

°c 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70^) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

ViL 


-0.3 


0.8 

V 


Input ‘High’ voltage 

ViH 


2.2 


Vcc +0.3 

V 


Output ‘Low’ voltage 

VoL 

loL = 2.0 mA 



0.4 

V 


Output ‘High’ voltage 

VOH 

loH = -400 |liA 

2.4 



V 


Input leakage current 

IIliI 

V|N = 0 V to Vcc 



10 

pA 


Output leakage current 

IIloI 

VouT = 0 V to Vcc 



10 

pA 

1 

Operating current 

Icci 

tpc = 150 ns 



50 

mA 

2 

Icc 2 

tRC = 1 ps 



40 

Standby current 

ISBI 

I 
> 

II 
liu 

lo 



2 

mA 


ISB2 

CE = Vcc - 0.2 V 



100 

pA 


Input capacitance 

CiN 

f = 1 MHz, tA = 25°C 



10 

PF 


Output capacitance 

Gout 



10 

PF 



NOTES: 

1. OE = V|H, OE = V,H, outputs open 

2. V,N = V|h/V|l, CE = V|L, outputs open 

CAUTION 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 
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CMOS 8M Mask-Programmable ROM 


LH538500B 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 

150 



ns 


Address access time 

tAA 



150 

ns 


Chip enable time 

tACE 



150 

ns 


Output enable time 

tOE 



70 

ns 


Output hold time 

tOH 

5 



ns 


CE to output in High-Z 

tCHZ 



60 

ns 

1 

OE to output in High-Z 

tOHZ 



60 

ns 


NOTE: 

1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.6 V to 2.4 V 

Input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

0.8 V and 2.2 V 

Output load condition 

1TTL+100 pF 


A-i - 


CE 


OE 


Dq- D 7 




X 


X 


tAA(NQTE) 


\ 


tACE(NOTE) 


\ 


toE(NOTE) 


X 


JCHZ 


X 


toHZ 


foH 


m. DATA VALID 


NOTE: The output data becomes valid when the last interval, t^^, ^e* ^3''® concluded. 
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Figure 7. Byte Mode (BYTE = Vil) 


SHARR 


4-111 








LH538500B 


CMOS 8M Mask-Programmable ROM 



Figure 8. Word Mode (BYTE = Vih) 


ORDERING INFORMATION 


150 Access Time (ns) 

42-pin, 600-mii DiP (DiP42-P-600) 

44-pin, 14x14 mm^ QFP (QFP44-P-1414) 

64-pin, 14 X 20 mm^ QFP (QFP64-P-1420) 

44-pin, 600-mii SOP (SOP44-P-600) 

48-pin, 12 X 18 mm^TSOP (Type i) (TSOP48-P-1218) 

I- CMOS 8M (1M X 8 OR 512K x 16) Mask-Programmabie ROM 

Example: LH538500BD-15 (CMOS 8M (1M x 8) Mask-Programmable ROM, 150 ns, 42-pin, 600-mii DIP) 

538500B-5 
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LH538600 


PREUM/NARY 

CMOS 8M (1M X 8/512K x 16) 
High-Speed Mask-Programmable ROM 


FEATURES 

• 1,048,576 X 8 bit organization 

(Byte mode) 

524,288 X 16 bit organization 
(Word mode) 

• BYTE input pin seiects bit configuration 

• Access time: 100 ns (MAX.) 

• Power consumption: 

Operating: 385 mW (MAX.) 

Standby: 550 pW (MAX.) 

• Static operation (internai sync, system) 

• TTL compatibie I/O 

• Three-state output 

• Single +5 V power supply 

• Packages: 

42-pin, 600-mil DIP 

44-pin, 600-mil SOP 

48-pin, 12 X 18 mm^ TSOP (Type I) 

44-pin, 14x14 mm^ QFP 

64-pin, 14 X 20 mm^ QFP 

DESCRIPTION 

The LH538600 is a CMOS 8M-bit mask-programmable 
ROM organized as 1,048,576 x 8 bits (Byte mode) or 
524,28 8 X16 bits (Word mode) that can be selected by 
BYTE input pin. Due to its high-speed access of 100 ns, 
it is suited to high-speed laser printer, quality sound 
electronic musical instruments, etc. 


PIN CONNECTIONS 


42-PIN DIP 



TOP VIEW 


r 



Ai 8 C 

1 * 

42 

□ OE^/OEi/DC 

Ai7 C 

2 

41 

Z] A 8 

AyC 

3 

40 

□ Ag 

Ag C 

4 

39 

m A 10 

AsC 

5 

38 

□ Ai^ 

A 4 I: 

6 

37 

□ Ai2 

A 3 C 
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□ d. 
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Figure 1. Pin Connections for DIP Package 
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LH538600 


PRELIMINARY 


CMOS 8M Mask-Programmable ROM 
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CMOS 8M Mask-Programmable ROM 


PRELIMINARY 


LH538600 


64-PIN QFP 



TOP VIEW 


538600-5 


Figure 5. Pin Connections for 64-Pin QFP Package 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

NOTE 

A-1 

Address input (BYTE mode) 

1 

00 

< 

< 

Address input 


Do - Di5 

Data output 


BYTE 

8/16-bit Byte/Word mode 
switch input 



Chip enable input 



SIGNAL 

PIN NAME 

NOTE 

OE 

Output enable input 


OEi/^i/DC 

Output enable input/Don’t 
care 

2 

Vcc 

Power supply {+5 V) 


GND 

Ground 



NOTES: 

1. D^s/A. ^ pin becomes LSB address Input (A.^) when the bit configuration is set in byte mode, and data output (D^s) when In word mode. The 
BYTE Input pin selects bit configuration. 

2. An active level of OE^y^^/DC is mask-programmable. 
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LH538600 


PRELIMINARY 


CMOS 8M Mask-Programmable ROM 



Figure 6. LH538600 Block Diagram 
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CMOS 8M Mask-Programmable ROM 


PRELIMINARY 


LH538600 


TRUTH TABLE 


CE 

OEJ 

BYTE 

A-i (Dis) 

DATA OUTPUT 

MODE 

ADDRESS INPUT 

SUPPLY 

OEi/OEi 

Do *■ Dt 

Da - Dis 

LSB 

MSB 

CURRENT 

H 

X 

X 

X 

High-Z 

High-Z 


- 

- 

Standby 

L 

UH 

X 

X 

High-Z 

High-Z 


- 

- 

Operating 

L 

H/L 

H 

Inhibit 

Do “ Dj 

Ds - Di5 

16-bit 

Ao 

Ai8 

Operating 

L 

H/L 

L 

L 

Do - D? 

High-Z 

8 -bit 

/Li 

Ai8 

Operating 

L 

H/L 

L 

H 

De - Di5 

High-Z 

8 -bit 

A-1 

Ai8 

Operating 


NOTE: 

X = Don’t care, High-Z = High-impedance 

ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

Input voltage 

ViN 

-0.3 to Vcc + 0.3 

V 

Output voltage 

VOUT 

-0.3 to Vcc + 0.3 

V 

Operating temperature 

Topr 

Oto+70 

*^0 

Storage temperature 

Tstg 

-55 to +150 



RECOMMENDED OPERATING CONDITIONS (Ta = 0 to + 70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70'>C) 


PARAMETER 


TEST CONDITION 





Input ‘High’ voltage 



2.2 

Vcc + 0.3 

V 


Input ‘Low’ voltage 

ViL 


-0.3 

0.8 

V 


Output ‘High’ voltage 

VOH 

lOH = -400 pA 

2.4 


V 


Output ‘Low’ voltage 

VoL 

loL = 2.0 mA 


0.4 

V 


Input leakage current 

MliI 

V|N= 0 V, Vcc 


10 

pA 


Output leakage current 

MloI 

VouT = 0 V, Vcc 


10 

HA 

1 

Operating current 

Icci 

tRC = 100 ns 


70 

mA 

2 

ICC2 

tRC = 1 pS 


60 

mA 

2 

ICC3 

tRC = 100 ns 


65 

mA 

3 

ICC4 

tRC = 1 ps 


55 

mA 

3 

Standby current 

ISBI 

X 

> 

II 

|UJ 

lo 


3 

mA 


ISB2 

CE = Vcc - 0.2 V 


100 

pA 


Input capacitance 

CiN 

f = 1 MHz, Ta = 25°C 


10 

pF 


Output capacitance 

Gout 


10 

PF 



NO^: _ _ 

1. CE = V,h.OE^V|h,OE, = V|l.OE, = V|h 

2. V,N = V|h/V|l, CE = V|L, outputs open 

3. V|H = Vcc - 0-2 V/0.2 V, CE = 0.2 V, outputs open 


SHARR 
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LH538600 


PRELIMINARY 


CMOS 8M Mask-Programmable ROM 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 

100 


ns 


Address access time 

tAA 


100 

ns 


Chip enable time 

tACE 


100 

ns 


Output enable time 

tOE 


40 

ns 


Output hold time 

tOH 

5 


ns 


CE to output in High-Z 

tCHZ 


40 

ns 

D 

OE to output in High-Z 

tOHZ 


40 

ns 


NOTE: 

1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.6 to 2.4 V 

Input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

1.5 V 

Output load 

1 TTL + 100 pF 


Vic 





A.i-Ai8(NOTE2) \ 

(An - Air) _/ 

(_; 

(_ 


tM(NOTE 1) 

'v 




CE ^ 

k 

r 

tACE (NOTE 1) 



fCHZ 





X 

IS 

ILU UJ 

loo 


) 



Do-D t (NOTE 2) 

toE(NOTE 1) 



V)HZ 





(( u 

r 3 

DATA VALID 


(Dq- D^s) 

mj 

\jjj 



NOTES: 

1. Data becomes valid after the intervals t^A, tACE> V}e address 
input, chip enable, and output enable, respectively, have been met. 

2. Applies to byte mode. Signals in parentheses apply to word mode. 

_538600-7 


Figure 4-7. Timing Diagram 
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CMOS 8M Mask-Programmable ROM 


PRELIMINARY 


LH538600 


ORDERING INFORMATION 


LH538600 X - ## 

Device Type Package Speed 

I I I- 10 100 Access Time (ns) 

42-pin, 600-mil DIP (DIP42-P-600) 

44-pin. 14x14 mm2 Qpp (QFP44-P-1414) 

44-pin, 600-mil SOP {SOP44-P-600) 

48-pin, 12x18 mm2 jsop (TSOP48-P-1218) 

64-pin, 14 X 20 mm2 Qpp (QFP64-P-1420) 

'- CMOS 8M (1M X 8 OR 512K x 16) Mask-Programmable ROM 

Example: LH538600D-10 (CMOS 8M (1M x 8) Mask-Programmable ROM, 100 ns, 42-pin, 600-mil DIP) 

_538600-8 


D 

M 

N 

T 
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LH5316500C 


CMOS 16M (2M X 8/1M X 16) 
Mask-Programmable ROM 


FEATURES 

• 2,097,152 X 8 bit organization 

(Byte mode) 

1,048,576 X 16 bit organization 
(Word mode) 

• Access time: 150 ns (MAX.) 

• Power consumption: 

Operating: 275 mW (MAX.) 

Standby: 550 pW (MAX.) 

• Fuiiy-static operation 

• TTL compatibie i/O 

• Three-state outputs 

• Singie +5 V power suppiy 

• Packages: 

42-pin, 600-mil DiP 

44-pin, 600-mil SOP 

48-pin, 12 X 18 mm® TSOP (Type I) 

DESCRIPTION 

The LH5316500C is a 16M-bit mask-programmable 
ROM organized as 2,097,152 x 8 bits (Byte mode) or 
1,04 8,576 X 16 bits (Word mode) that can be selected 
by a BYTE input pin. It is fabricated using silicon-gate 
CMOS process technology. 


PIN CONNECTIONS 


42-PIN DIP 


-> 

TOP VIEW 

AiaC 

1 « 

42 

^ Ai9 

A 17 CI 

2 

41 

□ Aq 

AtC 

3 

40 

□ Ag 

AeC 

4 

39 

□ A 1 O 

A5II 

5 

38 

H A 11 

A4II 

6 

37 

□ Ai 2 

A3C 

7 

36 

H Ai3 

A 2 c 

8 

35 

□ Ai4 

A,i: 

9 

34 

^ Ai5 

AoC 

10 

33 

^ Ai 6 

ceC 

11 

32 

□ byte 

gndC 

12 

31 

□ gnd 

OEC 

13 

30 

□ D,5/A.i 

DoC 

14 

29 

□ Da 

DjC 

15 

28 

□ d„ 

D,i: 

16 

27 

□ De 

Dgtl 

17 

26 

□ D,3 

DaC 

18 

25 

□ Ds 

D,oi: 

19 

24 

□ D,a 

D 3 CI 

20 

23 

□ D 4 

D„C 

21 

22 

□Voc 
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Figure 1. Pin Connections for DIP Package 
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CMOS 16M Mask’Programmable ROM 


LH5316500C 


44-PIN SOP 

( 

N 

. TOP VIEW 

NCd 

1 • 

44 

□nc 

AisIZ 

2 

43 

^ Ai9 

A17CI 

3 

42 

□ Aq 

Ard 

4 

41 

□ Ag 

AeC 

5 

40 

I]Aio 

AsC 

6 

39 

□ Aii 

A4d 

7 

38 

ZlA^a 

A3C 

8 

37 

^Ai3 

Agd 

9 

36 

Z]Ai4 

AiC 

10 

35 

^A^s 

Aod 

11 

34 

H Ai6 

ml 

n 

12 

33 

□ byte 

GNDd 

13 

32 

□gnd 

TJ 

|UJ 

10 

14 

31 

□ D,5/A., 

DoC 

15 

30 

□d. 

Da d 

16 

29 

□ D,4 

Did 

17 

28 

□ Ds 

D9C 

18 

27 

HD,3 

Dad 

19 

26 

HD3 

DioH 

20 

25 

HD,2 

Dad 

21 

24 

□ D4 

D„C 

22 

23 

□Vcc 



J 

531650009 


Figure 2. Pin Connections for SOP Package 


48-PIN TSOP (Type I) 

BYTEC !• 

Ai 6 C 2 
A 15 CI 3 
AuC 4 
AiaC 5 
A12II 6 
All Cl 7 
AioC 8 
AgC 9 
AgC 10 
A19II 11 

GNDC 12 
NCC 13 
AibII 14 
A^ 7 C: 15 
A 7 C: 16 
AbIII? 

A 5 C 18 
A 4 II 19 
A 3 [120 
AgC 21 
Aid 22 

A0CI23 

CE[:24 


TOP VIEW 




48 

□gnd 

47 

□gnd 

46 

□ D15/A.1 

45 

□D7 

44 

□ Di4 

43 

□ Da 

42 

I]Di3 

41 

□ D5 

40 

□ Di2 

39 

□ D4 

38 

□ Vcc 

37 

^ Vcc 

36 

□ GND 

35 

□ D11 

34 

□ D3 

33 

□ d^o 

32 

□ Da 

31 

□ Dg 

30 

□ d, 

29 

□ Dg 

28 

□ Do 

27 

□ OE 

26 

□ gnd 

25 

□ GND 

_ J 



Figure 3. Pin Connections for TSOP Package 
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LH5316500C 


CMOS 16M Mask-Programmable ROM 



PIN DESCRIPTION 


SIGNAL 

PIN NAME 

A.1- Ai9 

Address input 

Do - Di5 

Data output 

BYTE 

Byte/word switch 


Chip Enable input 


SIGNAL 

PIN NAME 

OE 

Output Enable Input 

Vcc 

Power supply (+5 V) 

GND 

Ground 
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CMOS 16M Mask-Programmable ROM 


LH5316500C 


TRUTH TABLE 


CE 

OE 

BYTE 

A.1 

DATA OUTPUT 

ADDRESS INPUT 

SUPPLY 

(Dis) 

Do - D7 

Ds - Dis 

LSB 

MSB 

CURRENT 

H 

X 

X 

X 

High-Z 

High-Z 

- 

- 

Standby (Isb) 

L 

H 

X 

X 

High-Z 

High-Z 

- 

- 

Operating (Ice) 

L 

L 

H 

- 

Do - D? 

Da - Di5 

Ao 

Ai9 

Operating (Ice) 

L 

L 

L 

L 

Do - D? 

High-Z 

A-i 

Ai9 

Operating (lee) 

L 

L 

L 

H 

Da - Di5 

High-Z 

A-1 

Ai9 

Operating (Ice) 


NOTES: 

X = H or L; High-Z = High-impedance 

ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

Supply voltage 

Vee 

-0.3 to +7.0 

V 

Input voltage 

ViN 

-0.3 to Vee + 0.3 

V 

Output voltage 

VOUT 

-0.3 to Vee + 0.3 

V 

Operating temperature 

Topr 

0 to +70 

*^0 

Storage temperature 

Tstg 

-65 to +150 



RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vee 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

UNIT 

NOTE 

Input ‘High’ voltage 

ViH 


2.2 

Vcc+0.3 

V 


Input ‘Low’ voltage 

ViL 


-0.3 

0.8 

V 


Output ‘High’ voltage 

VOH 

lOH = -400 pA 

2.4 


V 


Output ‘Low’ voltage 

VoL 

lOL = 2.0 mA 


0.4 

V 


Input leakage current 

Hu! 

ViN = 0 V to Vcc 


10 

pA 


Output leakage current 

I Ilo I 

VouT = 0 V to Vcc 


10 

pA 

1 

Operating current 

leei 

tRc = 150 ns 


50 

mA 

2 

Iee 2 

tpc = 1 ps 


40 

Standby current 

tSBI 

I 
> 

II 
|IU 

lo 


2 

mA 


ISB2 

CE = Vcc - 0,2 V 


100 

pA 


Input capacitance 

CiN 

f = 1 MHz, tA = 25°C 


10 

PF 


Output capacitance 

Gout 


10 

PF 



NOTES: 

1. CE = V|H, OE = V|H, outputs open 

2. V|n = V|h/V|„CE = V|l. outputs open 
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LH5316500C 


CMOS 16M Mask-Programmable ROM 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 

150 


ns 


Address access time 

tAA 


150 

ns 


Chip enable time 

tACE 


150 

ns 


Output enable time 

tOE 


70 

ns 


Output hold time 

tOH 

5 


ns 


CE to output in High-Z 

tCHZ 


60 

ns 

1 

OE to output In High-Z 

tOHZ 


60 

ns 


NOTE: 

1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.6 V to 2.4 V 

input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

0.8 V and 2.2 V 

Output load condition 

1TTL-1-100 pF 


CE 


OE 


Dq- D 7 


A.,-A« A 


^C 


tAA(NOTE) 


\ 


tACE(NOTE) 


\ 


toE(NOTE) 


X 






*CHZ 




*OHZ 




DATA VALID 


m 


NOTE: The output data becomes valid when the last interval, t^A, tACE> k}E> l^^^e concluded. 


Figure 5. Byte Mode (BYTE = Vil) 


CAUTION 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 
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CMOS 16M Mask-Programmable ROM LH5316500C 




Figure 6. Word Mode (BYTE = Vih) 


ORDERING INFORMATION 

LH5316500C X - ## 

Device Type Package Speed 

15 150 Access Time (ns) 

D 42-pin, 600-mil DIP (DIP42-P-600) 

N 44-pin. 600-mil SOP (SOP44-P-600) 

J 48-pin, 12 X 18 mm^ TSOP (Type I) (TSOP48-P-1218) 

CMOS 16M (2M X 8 OR 1M X 16) Mask-Programmable ROM 
Example: LH5316500CD-15 (CMOS 16M (2M x 8) Mask-Programmable ROM, 150 ns, 42-pln, 600-mil DIP) 

_5316500C-5 
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LH5316501 


PRELIMINARY 

CMOS 16M (2M X 8/1M X 16) 
Mask-Programmable ROM 


FEATURES 

• 2,097,152 X 8 bit organization 

(Byte mode) 

1,048,576 X 16 bit organization 
(Word mode) 

• Access time: 150 ns (MAX.) 

Page mode: 70 ns (MAX.) 

• Addressable page: 4 words or 8 bytes 

• Power consumption: 

Operating: 385 mW (MAX.) 

Standby: 550 pW (MAX.) 

• Fully-static operation 

• TTL compatible I/O 

PIN CONNECTIONS 


42-PIN DIP 



TOP VIEW 

AisIZ 

1« 

42 

H Ai9 

A17CI 

2 

41 

H Ag 

A7C; 

3 

40 

□ Ag 

AeC 

4 

39 

H A10 

A5I: 

5 

38 

□ A„ 

A4C 

6 

37 

□ A^2 

A3 c 

7 

36 

□ A|3 

A2 d 

8 

35 

□ Ai4 

A,n 

9 

34 

^ Ai5 

AqU 

10 

33 

^ Ai 6 

CEd 

11 

32 

□ byte 

GNDd 

12 

31 

□ gnd 

OEd 

13 

30 

□ D,g/A,, 

Dod 

14 

29 

□ D7 

Ded 

15 

28 

□ D,4 

Did 

16 

27 

□ De 

Dgd 

17 

26 

□D,3 

Dad 

18 

25 

□D3 

Diod 

19 

24 

□ D,2 

D3 d 

20 

23 

30, 

Di,II 

21 

22 

3Vco 


y 

5316501-1 


Figure 1. Pin Connections for DiP Package 


• Three-State outputs 

• Single +5 V power supply 

• Packages: 

42-pin, 600-mil DIP 
44-pin, 600-mil SOP 

DESCRIPTION 

The LH5316501 is a 16M-bit mask-programmable 
ROM organized as 2,097,152 x 8 bits (Byte mode) or 
1,04 8,576 X 16 bits (Word mode) that can be selected 
by a BYTE input pin. It is fabricated using silicon-gate 
CMOS process technology. 


44-PIN SOP 

— 

\ TOP VIEW 

NCd 

1 • 

44 

□no 

Aied 

2 

43 

^ A^g 

Aiyd 

3 

42 

Zl Ag 

Ayd 

4 

41 

□ Ag 

AsC 

5 

40 

□ AfO 

AsC 

6 

39 

□ All 

A4d 

7 

38 

□Ai 2 

Agd 

8 

37 

□Ai3 

Aad 

9 

36 

□Ai4 

A,C 

10 

35 

□ Ai5 

AoC 

11 

34 

□ Ai 6 

clC 

12 

33 

□ byte 

gndC 

13 

32 

□gnd 

OEd 

14 

31 

□ Dis'A., 

Dod 

15 

30 

□d. 

D,d 

16 

29 

□ D,4 

D,d 

17 

28 

□ Dg 

Dgd 

18 

27 

□Di3 

Djd 

19 

26 

□Dg 

D,od 

20 

25 

□ Di 2 

Dad 

21 

24 

□D 4 

D„d 

22 

23 

□Vcc 



y 
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Figure 2. Pin Connections for SOP Package 
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CMOS 16M Mask-Programmable ROM 


PRELIMINARY 


LH5316501 



Figures. LH5316501 Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

A. 1 -A 1 

Address input (page mode operation) 

A 2 - Ai9 

Address input 

Do - Di5 

Data output 

BYTE 

Byte/word switch 


SIGNAL 

PIN NAME 


Chip Enable input 


Output Enable input 

Vcc 

Power supply (+5 V) 

GND 

Ground 


SHARP 
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LH5316501 


PRELIMINARY 


CMOS 16M Mask-Programmable ROM 


TRUTH TABLE 


CE 

OE 

BYTE 

A-i 

DATA OUTPUT 

ADDRESS INPUT 

SUPPLY 

(Di5) 

Do - Dz 

Da - Di5 

LSB 

MSB 

CURRENT 

H 

X 

X 

X 

High-Z 

High-Z 

- 

- 

Standby (Isb) 

L 

H 

X 

X 

High-Z 

High-Z 

- 

- 

Operating (Ice) 

L 

L 

H 

Inhibit 

Do - D? 

Da - Di5 

Ao 

Ai9 

Operating (Ice) 

L 

L 

L 

L 

Do - D? 

High-Z 

A.1 

Ai9 

Operating (Ice) 

L 

L 

L 

L 

De- Di5 

High-Z 

A.1 

Ai9 

Operating (Ice) 


NOTE: 

X = H or L; High-Z = High-impedance 

ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

Supply voltage 

Vee 

-0.3 to +7.0 

V 

Input voltage 

ViN 

-0.3 to Vee+ 0.3 

V 

Output voltage 

VOUT 

-0.3 to Vee+ 0.3 

V 

Operating temperature 

Topr 

0 to +70 

‘’C 

Storage temperature 

Tstg 

-65 to+150 



RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vee 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

UNIT 

NOTE 

Input ‘High’ voltage 

ViH 


2.2 

Vee +0.3 

V 


Input ‘Low’ voltage 

ViL 


-0.3 

0.8 

V 


Output ‘High’ voltage 

VoH 

lOH = -400 jiA 

2.4 


V 


Output ‘Low’ voltage 

VoL 

loL = 2.0 mA 


0.4 

V 


Input leakage current 

Mu I 

ViN = 0 V to Vee 


10 

pA 


Output leakage current 

IIloI 

VouT = 0 V to Vee 


10 

pA 

1 

Operating current 

leei 

tpe = 150 ns 


70 

mA 

2 

Iee 2 

tpe = 1 |xs 


50 

Standby current 

ISB1 

I 
> 

II 
|LU 

lo 


2 

mA 


ISB2 

CE = Vee - 0.2 V 


100 

pA 


Input capacitance 

C|N 

f = 1 MHz, tA = 25°C 


10 

PF 


Output capacitance 

COUT 


10 

PF 



NOTK: 

1. CE = V|H, ^ = V|H, outputs open 

2 . V|N s= V|hA/|l, UE = V|L, outputs open 
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CMOS 16M Mask-Programmable ROM 


PRELIMINARY 


LH5316501 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MiN. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 

150 


ns 


Address access time 

tAA 


150 

ns 


Chip enable time 

tACE 


150 

ns 


Page address access time 

tAPA 


70 

ns 


Output enable time 

tOE 


70 

ns 


Output hold time 

tOH 

5 


ns 


CE to output in High-Z 

tCHZ 


60 

ns 

1 

OE to output in High-Z 

tOHZ 


60 

ns 


NOTE: 

1 . Determined by the time for the output to be opened, irrespective of output voltage. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.6 V to 2.4 V 

Input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

0.8 V and 2.2 V 

Output load condition 

1TTL-I-100 pF 


Jrc 



. 


Ai - Ai 9 \ 

(An - Aiq) / 

( _ 

c 


tAA(NOTE) 






CE 


> 

r 

tACE (NOTE) 



fcHZ 




OE 

Dn- Dy 


/ 

k>HZ 


toE{NOTE) 


foH 




/ / / 1 

^ DATA VALID ^ 

t 1 


(D0-D15) 

mj 

fjjj 



NOTE: The output data becomes valid when the last Interval, t/vA, tACE* Upa. or k)E. I^^ve concluded. 

_ 5316501-3 

Figure 4. Read Cycle 

CAUTION 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 
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LH5316501 


PRELIMINARY 


CMOS 16M Mask-Programmable ROM 



NOTE: The output data becomes valid when the last interval, t/^, t^cE* Wa> o*" be, f^^^e concluded. 

Figure 5. Page Mode Read Cycle 


ORDERING INFORMATION 

LH5316501 X 

Device Type Package 


I _[70* 

115 1 


Access Time (ns) 


I _[ D 42-pin, 600-mll DIP (DIP42-P-600) 

I N 44-pin, 600-miI SOP (SOP44-P-600) 

- CMOS 16M (2M X 8 OR 1M X 16) Mask-Programmable ROM 

* Page Mode only available in 70 ns 

Example: LH5316501D-15 (CMOS 16M (2M x 8) Mask-Programmable ROM, 150 ns, 42-pin, 600-mil DIP) 
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LH5332500 


PRELIMINARY 

CMOS 32M (4M x 8/2M x 16) 
Mask-Programmable ROM 


FEATURES 

• 4,194,304 X 8 bit organization 

(Byte mode) 

2,097,152 X 16 bit organization 
(Word mode) 

• BYTE input pin seiects bit configuration 

• Access time; 150 ns (MAX.) 

• Power consumption: 

Operating: 275 mW (MAX.) 

Standby: 550 pW (MAX.) 

• Fuiiy-static operation 

• TTL compatibie I/O 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 

44-pin, 600-mil SOP 
64-pin, 14 X 20 mm^ QFP 

• x16 word-wide pinout 


DESCRIPTION 

The LH5332500 is a mask-programmable ROM 
organized as 4,194,304 x 8 bits (Byte mode) or 
2,097,152 X 16 bits (Word mode) that can be selected 
by input pin. It Is fabricated using silicon-gate CMOS 
process technology. 


PIN CONNECTIONS 


44-PIN SOP 




TOP VIEW 

NCC 

1 • 

44 

□ A20 


Ai8 CI 

2 

43 

^ Ai9 


Ai7 C 

3 

42 

ZI Ag 


AyC 

4 

41 

□ Aa 


AeC 

5 

40 

^Aio 


AeC 

6 

39 

Zi A11 


A4II 

7 

38 

ZI Ai2 


A3C 

8 

37 

Z]Ai3 


A2 cz 

9 

36 

□ Ai4 


Aid 

10 

35 

^ Ai5 


Aod 

11 

34 

□ A10 



12 

33 



GNDd 

13 

32 

□ gnd 



14 

31 

□ Dig/A.i 


Dod 

15 

30 

□D7 


Db d 

16 

29 

□ Di4 


Did 

17 

28 

ZI Dg 


Dgd 

18 

27 

Z]Di3 


D2 d 

19 

26 

□Ds 


Diod 

20 

25 

□ Di2 


Dad 

21 

24 

□ D4 


□lid 

22 

23 

^ Vqq 

5332500-1 


Figure 1. Pin Connections for SOP Package 


SI-l/VRf> 
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CMOS 32M Mask-Programmable ROM 


PRELIMINARY 


LH5332500 


A 20 

Ai9 

Ai8 

Ai7 

Ai6 

^15 

Ai4 

Ai3 

Ai2 

A11 

A10 

Ag 

Ab 

A? 

Ab 

As 

A4 

A3 

A2 

Ai 

Ao 


CE 


OE 


BYTE 





BYTE/WORD 


ADDRESS 

SWITCHOVER 

— ► 

BUFFER 

CIRCUIT 


1 _ 

i 

r-J 




NOTE: Pin numbers apply to 64-pin QFP. 


A.1 


Vcc GND 


5332500-2 


Figure 3. LH5332500 Block Diagram 


PIN DESCRIPTION 


SIGNAL 

PIN NAME 

NOTE 

A-1 

Address input (Byte mode) 

1 

Ao" A 20 

Address input 


Do - Di5 

Data output 



Chip Enable input 



SIGNAL 

PIN NAME 

NOTE 

OE 

Output Enable input 


BYTE 

Byte/word switch 


Vcc 

Power supply (+5 V) 


GND 

Ground 



NOTE: 

1. D 15 /A .1 pin becomes LSB address input (A.i ) whe n the bit configuration is set to byte mode, 
and data output (D^s) when in word nnode. BYTE input pin selects bit configuration. 
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LH5332500 


PRELIMINARY 


CMOS 32M Mask-Programmable ROM 


TRUTH TABLE 


CE 


BYTE* 

A-i 

MODE 

D0-D7 

Ds - Di5 

SUPPLY CURRENT 

NOTE 

H 

X 

X 

X 

Non selected 

High-Z 

Standby (Isb) 

1 

L 

H 

X 

X 

Non selected 

High-Z 

Operating (Ice) 

L 

L 

H 

Input 

inhibit 

Word 

Do - D? 

Ds - Di5 


L 

L 

L 

L 

Byte 

Do - D? 

High-Z 


L 

L 

L 

H 

Byte 

Ds - Di5 

High-Z 



NOTE: 

1. X = HorL 


* BYTE input state must be set to H or L which must not be changed during operation. 

ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

RATING 

UNIT 

NOTE 

Supply voltage 

Vcc 

-0.3 to +7.0 

V 

1 

input voltage 

ViN 

-0.3 to Vcc+0.3 

V 

Output voltage 

VOUT 

-0.3 to Vcc+0.3 

V 

Operating temperature 

Topr 

0 to +70 



Storage temperature 

Tstg 

-55 to +150 

*^0 



NOTE: 

1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 


DC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

UNIT 

NOTE 

Input ‘Low’ voltage 

ViL 


-0.3 

0.8 

V 


Input ‘High’ voltage 

ViH 


2.2 

Vcc+0.3 

V 


Output ‘Low’ voltage 

VoL 

loL = 2.0 mA 


0.4 

V 


Output ‘High’ voltage 

VOH 

loH = -400 pA 

2.4 


V 


input leakage current 

MliI 

ViN = 0 V or Vcc 


10 

pA 


Output leakage current 

IIloI 

VouT = 0 V or Vcc 


10 

^A 

1 

Operating current 

lcci 

tRc = 200 ns 


50 

mA 

2 

ICC2 

tRC = 1 ps 


40 

Standby current 

ISB1 

X 

> 

II 

lUJ 

lo 


2 

mA 


ISB2 

CE = Vcc - 0.2 V 


100 

^A 



NOTES^ 

1. CE/OE = V,h 

2. V|N = V|h/V|l, CE = V,L, outputs open 
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CMOS 32M Mask-Programmable ROM 


PRELIMINARY 


LH5332500 


AC CHARACTERISTICS (Vcc = 5 V ±10%, Ta = 0 to +70°C) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 

NOTE 

Read cycle time 

tRC 

150 


ns 


Address access time 

tAA 


150 

ns 


Chip enable time 

tACE 


150 

ns 


Output enable time 

tOE 


70 

ns 


Output hold time 

tOH 

5 


ns 


CE to output in High-Z 

tCHZ 


70 

ns 

1 

OE to output in High-2 

tOHZ 


70 

ns 


NOTE: 

1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 


PARAMETER 

RATING 

Input voltage amplitude 

0.6 V to 2.4 V 

Input rise/fall time 

10 ns 

Input reference level 

1.5 V 

Output reference level 

0.8 V and 2.2 V 

Output load condition 

1TTL+100 pF 


CAPACITANCE (Vcc = 5 V ±10%, f = 1 MHz, Ta = 25°C) 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Input capacitance 

CiN 



10 

pF 

Output capacitance 

COUT 



10 

pF 


(NOTE 2) 
A-i - A20 
(A0-A20) - 


CE 


OE 


(NOTE 2) 
Dq- D 7 
(D0-D15) 


X 




tAA(NOTE 1) 


tACE(NOTE 1) 


x 


tpE (NOTE 1) 


X 




X 


tcHZ 


X 


JOHZ 


tpH 


m 


NOTES: 

1 . Data becomes valid after the intervals tAA. tACE» ^f^^l toE from address 
input and output enable input, respectively have been met. 

2. Applied to byte mode. Signals in parentheses applied in word mode. 

5332500-3 


Figure 4. Timing Diagram 


CAUTION 

To stabilize the power supply, It is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 
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FIFO MEMORIES 



Density 

Organization 

Page 

LH5481/91 

0.5K 

64 X 8/64 X 9 

5-2 

LH5492 

36K 

4Kx9 

5-16 

LH5496/96H 

4.5K 

512x9 

5-34 

LH5497/97H 

9K 

1Kx9 

5-49 

LH5498 

18K 

2Kx9 

5-64 

LH5499 

36K 

4Kx9 

5-79 

LH5420 

18K 

256 X 36 X 2 

5-94 

LH540202 

9K 

1Kx9 

5-129 

LH540203 

18K 

2Kx9 

5-145 

LH540204 

36K 

4Kx9 

5-161 

LH540205 

72K 

8Kx9 

5-177 

LH540215/25 

9K/18K 

512 X 18/IK X 18 

5-193 

LH543601/11 

18K/36K 

256 X 36 X 2/ 

512 X 36 X 2 

5-231 

LH543620 

36K 

1Kx36 

5-271 

FIFO Cross Reference 


5-306 



CHOOSING A SHARP FIFO 



9/8 


18/16 


36/32 

72/64 


BIDIRECTIONAL 
36/32 -» 18/16 
36/32-^9/8 , 


UNIDIRECTIONAL; 

36/32 <->18/16 
. 36/32 <-> 9/8 J 









LH5481 

LH5491 


Cascadable 64 x 8 FIFO 
Cascadable 64 x 9 FIFO 


FEATURES 

• Fastest 64 x 8/9 Cascadable FIFO 
35/25/15 MHz 

• Expandable in Word Width and 
FIFO Depth 

• Almost-Full/Almost-Empty and 
Half-Full Flags 

• Fully Independent Asynchronous 
Inputs and Outputs 

• LH5481 Output Enable forces Data 
Outputs to High-Impedance State 

• Pin-Compatible Replacements for Cypress 
CY7C408A/09A or Logic Devices 
L8C408/09 FIFOs 

• Industry Standard Pinout 

• Packages: 

28-Pin, 300-mll DIP 
28-Pin PLCC 

FUNCTIONAL DESCRIPTION 

The LH5481 and LH5491 are high-performance, asyn¬ 
chronous First-In, First-Out (FIFO) memories organized 
64 words deep by eight or nine bits wide. The eight-bit 
LH5481 has an Output Enable (OE) function, which can 
be used to force the eight data outputs (DO) to a high-im¬ 
pedance state. The LH5491 has nine data outputs. 

These FIFOs accept eight or nine-bit data at the Data 
Inputs (Dl). A Shift In (SI) signal writes the Dl data into the 
FIFO. AShift Out (SO) signal shifts stored data to the Data 
Outputs (DO). The Output Ready (OR) signal indicates 
when valid data is present on the DO outputs. 

If the FIFO Is full and unable to accept more Dl data. 
Input Ready (IR) will not return HIGH, and SI pulses will 
be ignored. If the FIFO is empty and unable to shift data 
to the DO outputs, OR will not return HIGH, and SO pulses 
will be ignored. The Almost-Full/Almost-Empty (AFE) flag 
Is asserted (HIGH) when the FIFO is almost-full (56 words 
or more) or almost- empty (eight words or less). The 


Half-Full (HF) flag is asserted (HIGH) when the FIFO 
contains 32 words or more. 

Reading and writing operations may be asynchronous, 
allowing these FIFOs to be used as buffers between 
digital machines of different operating frequencies. The 
high speed makes these FIFOs ideal for high perform¬ 
ance communication and controller applications. 

PIN CONNECTIONS 


28 DVcc 
27 

26 3 SO 
25 DOR 
24DDOo 
23 DDOi 
22 I] Vss 
21 □ DO 2 
20 DDOg 
19 ^004 
18 □DO 5 
17 □DOe 
16 DDOy 
15 □OE/DOo 


AFE C 
HFC 
IR II 
SI C 

DIq [I 

DI 1 C 
Vss Cl 
DI 2 II 
DI 3 c 

DI 4 c 
DI 5 c 

Die C 
DI 7 C 13 
NC/Dle I1 14 


1« 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


Figure 1. Pin Connections for DIP Package 



Figure 2. Pin Connections for PLCC Package 
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64 x 8 / 64 x 9FIFO 


LH5481/91 



5481-31 


Figure 3. LH5481/91 Block Diagram 


PIN DESCRIPTIONS 


PIN 

PIN TYPE* 

DESCRIPTION 

D 

o 

1 

D 

-4 

1 

Data Inputs, LH5481 

DOo — DO 7 

0/Z 

Data Outputs, LH5481 

DIo-Dls 

1 

Data Inputs, LH5491 

DOo — DOa 

0 

Data Outputs, LH5491 

SI 

1 

Shift In 

SO 

1 

Shift Out 

IR 

0 

Input Ready 

OR 

0 

Output Ready 


* l=lnput 0=0utput, Z=High-lmpeclance, V=Power Voltage Level 


PIN 

PIN TYPE * 

DESCRIPTION 

HF 

0 

Half-Full Flag 

AFE 

0 

Almost-Full / Almost- 
Empty 

MR 

I 

Master Reset 

OE 

I 

Output Enable 
(LH5481 only) 

Vcc 

V 

Positive Power Supply 

Vss 

V 

Ground 


3I-IARF> 
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LH5481/91 


64 x 8 / 64 x 9FIFO 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

Vcc Range 

-0.5Vto7V 

Input Voltage Range 

-0.5 V to Vcc + 0.5 V (not to exceed 7 V) 

DC Output Current ^ 

±40mA 

Storage Temperature 

-65°Cto 150°C 

DC Voltage Applied To Outputs In High-Z state 

”0.5 V to Vcc + 0.5 V (not to exceed 7 V) 

Static Discharge Voltage ^ 

>2000V 

Power Dissipation (Package Limit) 

1.0 W 


NOTES: 

1. All voltages are measured with respect to Vss. 

2. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the ‘Operating Range’ of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

3. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

4. Sample tested only. 


OPERATING RANGE ' 


PARAMETER 

DESCRIPTION 

MIN 

MAX 

UNIT 

Ta 

Temperature, Ambient 

0.0 

70 

OC 

Vcc 

Supply Voltage 

4.5 

5.5 

V 

Vss 

Ground 

0.0 

0.0 

V 

ViL 

Input Low Voltage (Logic ‘0’) ^ 

-0.5 

0.8 

V 

ViH 

Input High Voltage (Logic‘T) 

2.0 

Vcc + 0.5 

V 


NOTES: 

1. All voltages are measured with respect to Vss. 

2 . FIFO inputs are able to withstand a -1.5 V undershoot for less than 10 ns per cycle. 


DC ELECTRICAL CHARACTERISTICS ^ (Over Operating Range Unless Otherwise Noted) 


PARAMETER 

DESCRIPTION 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

III 

Input Leakage Current 

Vcc = 5.5 V, V|N = 0 V to Vcc 

-10 

10 

HA 

Ilo 

Output Leakage Current (High-Z) 

Vcc = 5.5 V, VoUT = 0 V to Vcc 

-10 

10 

pA 

VOH 

Output High Voltage 

Vcc = 4.5 V, loH = -4 mA 

2.4 


V 

VOL 

Output Low Voltage 

Vcc = 4.5V,Iol = 8.0 mA 


0.4 

V 

ICCQ 

Power Supply Quiescent Current 

Vcc = 5.5 V, louT = 0 mA 
V|N<V|L, VlN^VlH 


25 

mA 

Icc 

Power Supply Current ^ 

fsi = 35 MHz, fso = 35 MHz 


45 

mA 


NOTES: 

1. All voltages are measured with respect to Vss. 

2. Icc is dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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64x8/64x9FIFO 


LH5481/91 


AC TEST CONDITIONS^ 


PARAMETER 

RATING 

Input Pulse Levels 

0to3V 

Input Rise and Fall Times (10% / 90%) 

Figure 4a 

Input Timing Reference Levels 

1.5 V 

Output Timing Reference Levels 

1.5 V 

Output Load for AC Timing Tests 

Figure 4b 


NOTE: 

1. All voltages are measured with respect to Vss. 


CAPACITANCE 


PARAMETER 

DESCRIPTION 

TEST CONDITIONS 

RATING 

CiN 

Input Capacitance 

Ta = 25°C, f = 1 MHz, Vcc = 4.5 V 

5pF 

Gout 

Output Capacitance 

Ta = 25°C, f = 1 MHz, Vcc = 4.5 V 

7pF 


NOTES: 

1. All voltages are measured with respect to Vss. 

2. Sample tested only. 



DEVICE 
UNDER O- 
TEST 


167 0 

-AAA -O 1.73 V 


CL = 30 pF * 


* INCLUDES JIG AND SCOPE CAPACITANCES 


5481-4 


Figure 4a. Input Rise and Fall Times 


Figure 4b. Output Load Circuit 


ShlARR 
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LH5481/91 


64 x 8 / 64 x 9FIFO 


AC ELECTRICAL CHARACTERISTICS ^ (Over Operating Range) 


SYMBOL 

PARAMETER 

15MHz 

25MHz 

35MHz 

UNITS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

fo 

Operating Frequency^ 


15 


25 


35 

MHz 

tPHSI 

SI HIGH Time® ® 

15 


11 


9 


ns 

tPLSI 

SILOWTlme®® 

20 


18 


17 


ns 

tssi 

Data Setup to SI ^ 

-1 


-1 


-1 


ns 

tHSI 

Data Hold from SI ^ 

14 


12 


10 


ns 

tDLIR 

Delay, SI HIGH to IR LOW 


20 


18 


16 

ns 

tOHIR 

Delay, SI LOW to IR HIGH 


24 


20 


18 

ns 

tPHSO 

so HIGH Time® 

15 


11 


9 


ns 

tPLSO 

SO LOW Time® 

20 


18 


17 


ns 

tDLOR 

Delay, SO HIGH to OR LOW 


20 


18 


16 

ns 

tDHOR 

Delay, SO LOW to OR HIGH 


24 


20 


18 

ns 

tSOR 

Data Setup to OR HIGH 

-1 


~1 


-1 


ns 

tHSO 

Data Hold from SO LOW 

0 


0 


0 


ns 

tPT 

Fallthrough Time 


36 


34 


30 

ns 

tBT 

Bubblethrough Time 


28 


26 


25 

ns 

tSIR 

Data Setup to IR ^ 

5 


5 


5 


ns 

tHIR 

Data Hold from IR ® 

5 


5 


5 


ns 

tPIR 

Input Ready Pulse HIGH ® 

7 


7 


7 


ns 

tPOR 

Output Ready Pulse HIGH ® 

7 


7 


7 


ns 

tDLZOE 

OE LOW to LOW Z (LH5481) 


35 


30 


25 

ns 

tDHZOE 

OE HIGH to HIGH Z (LH5481) ®-® 


35 


30 


25 

ns 

tDHHF 

SI LOW to HF HIGH 


40 


40 


36 

ns 

tDLHF 

SO LOW to HF LOW 


40 


40 


36 

ns 

tDLAFE 

SO or SI LOW to AFE LOW 


40 


40 


36 

ns 

tDHAFE 

SO or SI LOW to AFE HIGH 


40 


40 


36 

ns 

tPMR 

MR Pulse Width 

35 


35 


1 35 


ns 

tDSI 

MR HIGH to SI HIGH 


25 


25 

— 

22 

ns 

tDOR 

MR LOW to OR LOW ^ 


25 


25 


20 

ns 

toIR 

MR LOW to IR HIGH^ 


25 


25 


20 

ns 

tLXMR 

^ LOW to Output LOW ^ 


25 


25 


20 

ns 

tAFE 

MR LOW to AFE HIGH 


30 


30 


30 

ns 

tHF 

MR LOW to HF LOW 


30 


30 


30 

ns 

too 

SO LOW to Next Data Out Valid 


26 


22 


20 

ns 


NOTES: 

1. All time measurements performed at ‘AC Test Conditions.’ 

2. fo = fsi = fso. 

3. tpHSI + tpLSI = tPHSO + tPLSO = l/fo. 

4 tssi and tHsi apply when memory is not full. 

5. tsiR and tHiR apply when memory is full and SI is HIGH. 

6 . High-Z transitions are referenced to the steady-state Voh - 500 mV and Vol + 500 mV levels on the output 

7. After reset goes LOW, all Data outputs will be at LOW level, IR goes HIGH and OR goes LOW. 

8 . Common dash number devices are guaranteed by design to function properly in a cascaded configuration. 

9. Sample tested only. 
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64 x 8/64 x 9FIFO 


LH5481/91 


OPERATIONAL DESCRIPTION 

Unlike earlier versions of FIFOs, the LH5481 and 
LH5491 use dual-port Random-Access-Memory, write 
and read pointers, and special control logic. The write 
pointer is incremented by the falling edge of the Shift In 
(SI) signal, while the read pointer is incremented by the 
falling edge of the Shift Out (SO) signal. The Input Ready 
(IR) signal enables data writing to the FIFO. The Output 
Ready (OR) signal indicates valid read information is 
available on the Data Output (DO) pins. 

Resetting The FIFO 

The FIFO must be reset, upon power-up, using the 
Master Reset (MR) signal. This causes the FIFO to enter 
an empty state, indicated by the Output Ready (OR) being 
LOW and Input Ready (IR) being HIGH. All Data Output 
(DO) pins will be LOW in this state. The AFE flag will be 
HIGH, and the HF flag will be LOW. 

If Shift In (SI) Is HIGH, when the Master Reset (S^) 
signal is ended, then the data on the Data Input (Dl) pins 
will be written Into the FIFO, and Input Ready (IR) will 
return LOW until Shift In (SI) is brought LOW. 

If Shift In (SI) is LOW when the Master Reset (K^) is 
deasserted, then Input Ready (IR) goes HIGH, but the 
data on the Data Input (Dl) pins does not enter the FIFO 
until Shift In (SI) goes HIGH. 

Shifting Data In 

Data Input (Dl) is shifted into the FIFO on the rising 
edge of Shift In (SI). This loads input data into the FIFO, 
and causes Input Ready (IR) to go LOW. When a falling 
edge of Shift In (SI) occurs,the write pointer increments 
to the next word position, and Input Ready (IR) goes 
HIGH, indicating that the FIFO is ready to accept new 
data. When the FIFO is full. Input Ready (IR) remains 
LOW after the negative edge of Shift In (SI) signal; Shift 
Out (SO) action is required to unload a word of data and 
bring Input Ready (IR) HIGH. (See ‘Bubblethrough Con¬ 
dition’ description.) 

Shifting Data Out 

Data is shifted out of the FIFO on the falling edge of 
Shift Out (SO). The read pointer increments to the next 


word location; FIFO data. If present, appears on the Data 
Output (DO) pins; and the Output Ready (OR) signal goes 
HIGH. If FIFO data Is not present. Output Ready (OR) 
stays LOW, indicating that the FIFO is empty; in this case, 
the last valid data read from the FIFO remains on the Data 
Output (DO) pins. When the FIFO is not empty, Output 
Ready (OR) goes LOW after the rising edge of Shift Out 
(SO). The previous data remains on the Data Output (DO) 
pins until a falling edge of Shift Out (SO). 

Fallthrough Condition 

When the FIFO is empty, a data word entering through 
the Shift In (SI) action follows one of two sequences. 

If Shift Out (SO) is LOW, the data propagates to the 
Data Output (DO) pins; and Output Ready (OR) goes 
HIGH and stays HIGH until the next rising edge of Shift 
Out (SO). 

If Shift Out (SO) is held HIGH while data Is shifted into 
an empty FIFO as occurs in depth cascading of FIFOs, 
data propagates to the Data Output (DO) pins, and Output 
Ready (OR) pulses HIGH for a minimum time duration 
specified by tpoR and then goes back LOW again. The 
stored word remains on the Data Output (DO) pins. If 
more words are written into the FIFO, they line up behind 
the first word, and do not appear on the Data Output (DO) 
pins until Shift Out (SO) has returned LOW. 

Bubblethrough Condition 

When the FIFO is full. Shift Out (SO) action Initiates 
one of the following two sequences: 

If Shift In (SI) Is LOW, Input Ready (IR) goes HIGH and 
stays HIGH until the next rising edge of Shift In (SI). 

If Shift In (SI) is held HIGH while data is shifted out of 
a full FIFO, as occurs in depth cascading of FIFOs, Input 
Ready (IR) pulses HIGH for a minimum time duration 
specified by tpiR, and then goes back LOW again. Special 
Data Input (Dl) setup and hold times (tsiR and tHiR, 
respectively) are defined for this condition. 
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TIMING DIAGRAMS 



Figure 5. Data In Timing 



Figure 6. Data Out Timing 
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TIMING DIAGRAMS (cont’d) 



Figure 14. Shifting Words In 



Figure 15. Shifting Words Out 
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FIFO EXPANSION (cont’d) 
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Figure 17. 128 x 8/9 Configuration 


FIFOs are expandable in depth and width. However, 
in forming wider words, external logic is required to 
generate composite Input Ready and Output Ready flags. 
This is due to the variation of delays of the FIFOs. For 
example, the circuit of Figure 16 uses simple AND gates 
as the external IR and OR generators. More complex 
logic may be required if fallthrough and bubblethrough 
pulses are needed by the external system. 

FIFOs can be easily cascaded to any desired depth, 
as illustrated in Figure 17. The handshaking and associ¬ 
ated timing between the FIFOs are handled by the Inher¬ 
ent timing of the devices. 


NOTES: 

1. When the memory is empty, the last word read remains on the out¬ 
puts until Master Reset is strobed, or a new data word bubbles 
through to the output. However, OR remains LOW, indicating 

that the data word at the output is not valid. 

2. When the output data word changes as a result of a pulse on SO, 
the OR signal always goes LOW before the output data word 
changes and stays LOW until a new data word has appeared at 
the outputs. Anytime OR is HIGH, there is valid stable data on 
the outputs. 

3. All SHARP FIFOs can be cascaded with other SHARP FIFOs of 
the same architecture (i.e., 64 x 8/9 with 64 x 8/9). However, 
they may not cascade with FIFOs from other manufacturers. 


ORDERING INFORMATION 


LH#### X -## 

Device Type Package Speed 

I 

'- 25 Frequency (MHz) 

I 35 


i D 28-pin, 300-mil DIP (DIP28-P-300) 

\ U 28-pin Plastic Leaded Chip Carrier (PLCC28-P-S450) 


I _[5481 64x8 FIFO 

15491 64x9 FIFO 

Examples: LH5481D-25 (64 x 8 FIFO, 28-pin, 300-mil DIP, 25 MHz) 

LH5491U-35 (64 x 9 FIFO, 28-pin PLCC, 35 MHz) 

_5481MD 
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FEATURES 

• Fast Cycle Times: 25/30/35 ns 
Frequency: 40/33/28.5 MHz 

• Parallel Data In; Parallel Data Out 

• Two Read Enable Inputs and Two Write Enable 
Inputs, Sampled on Rising Edge of the Appropriate 
Clock 

• Fast-Fall-Through Time Internal Architecture Based 
on CMOS Dual-Port SRAM Technology, 4096 x 9 

• Independently-Synchronized Operation of Input Port 
and Output Port 

• Full, Half-Full, Almost-Empty/Full, 
and Empty Flags 

• Three-State Outputs with Output Enable 

• May be Used for Bidirectional Bus Interfaces 

• May be Used to Interface between Buses of 
Different Word Widths 

• Reset/Reread Capability 

• TTL and CMOS Compatible I/O 

• Package: 32-Pin PLCC 

FUNCTIONAL DESCRIPTION 

The LH5492 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS dual-port RAM tech¬ 
nology, capable of containing up to 4096 nine-bit words. 
Asingle LH5492 FIFO can input and output nine-bit bytes; 
it has one nine-bit parallel Input (write) port, and one 
nine-bit parallel output (read) port. Multiple write enables 
and read enables support paralleling LH5492s for 
greater-word-width operation, in order to achieve a wider 
‘effective FIFO.’ The paralleled LH5492 combination re¬ 
mains capable of performing all of the operations which 
a standalone LH5492 can perform. Thus, if two LH5492S 
are paralleled, the combination can input and output 
18-bit halfwords. This paralleling scheme extends to an 
arbitrary number of paralleled LH5492s, although some 
external logic is required for more than two. 

The LH5492 architecture supports synchronous op¬ 
eration, tied to two independent free-running clocks at the 
input and output ports respectively. However, these 
‘clocks’ also may be aperiodic, asynchronous ‘demand’ 
signals; they do not need to be synchronized with each 
other in any way. Almost all control input signals and 


status output signals are synchronized to these clocks, to 
simplify system design. The input and output ports oper¬ 
ate altogether independently of each other, except when 
the FIFO becomes either totally full or else totally empty. 

Two edge-sampled enable control inputs, WENi and 
WEN 2 , are provided for the input port; and two more such 
control inputs, RENi and REN 2 , are provided for the 
output port. These synchronous control inputs may be 
used as write demands and read demands respectively, 
when an LH5492 is interfaced to continuously-clocked 
synchronous systems. Data flow is initiated at a port by 
the rising edge of the clock signal corresponding to that 
port, and is gated only by the appropriate edge-sampled 
enable control input signal(s). 

The following FIFO status flags monitor the extent to 
which the internal memory has been filled: Full, Half-Full, 
Almost-Empty/Full, and Empty. The Almost-Empty/Full 
flag is asserted whenever the internal memory is either 
within eight locations of ‘empty,’ or else within eight loca¬ 
tions of ‘full.’ The Half-Full flag serves to distinguish the 
‘almost-empty’ condition from the ‘almost-full’ condition. 
Also, during fully-synchronous operation, the Full flag 
may be tied directly to WENi or to WEN 2 , and the Empty 
flag likewise may be tied directly to RENi or REN 2 , in 
order to prevent overrunning or underrunning the internal 
FIFO boundaries. (See Figure 10.) 


PIN CONNECTIONS 



Figure 1. Pin Connections for PLCC Package 


5-16 


SHARR 






4Kx 9 Clocked FIFO 


LH5492 


FUNCTIONAL DESCRIPTION (cont’d) 

Alternatively, the enabling of write or read operations 
may be controlled entirely by external system logic, while 


the flags serve strictly as system interrupts. This design 
approach works well when the input port clock and the 
output port clock are not synchronized to each other. 


DATA IN 
Dq ■ D0 


WCK 

WEN, 

WENo 


RS 



DATA OUT 
Q q ‘ Qs 
OE 


RCK 

REN, 

RENo 


FF HF AEF EF 


Figure 2. LH5492 Block Diagram 


SIGNALVPIN DESCRIPTIONS 


PIN 

SIGNAL NAMEA3ESCRIPTION 

RS 

Reset. An assertive-LOW input which initializes the internal address pointers and flags. 

WCK 

Write Clock. A free-running clock Input for write operations. 

RCK 

Read Clock. A free-running clock Input for read operations. 

Q 

0 

Q 

Data Inputs. Do - De are sampled on the rising edge of WCK, whenever both WENi and WEN 2 are 
being asserted. 

9 

1 

0 

00 

Data Outputs. Qo - Qe are updated following the rising edge of RCK, whenever both RENi and 

REN 2 are being asserted. 

WENi 

Write Enable 1 . An assertIve-HIGH input signal which is sampled on the rising edge of WCK to 
control the flow of data into the FIFO. Both WENi and WEN 2 must be asserted in order to enable a 
write operation. 

WEN 2 

Write Enable 2. An assertive-HIGH Input signal which is sampled on the rising edge of WCK to 
control the flow of data into the FIFO. Both WENi and WEN 2 must be asserted in order to enable a 
write operation. 

RENi 

Read Enable 1 . An assertive-HIGH input signal which is sampled on the rising edge of RCK to 
control the flow of data out of the FIFO. Both RENi and REN 2 must be asserted in order to enable a 
read operation. 

REN 2 

Read Enable 2. An assertive-HIGH Input signal which is sampled on the rising edge of RCK to 
control the flow of data out of the FIFO. Both RENi and REN 2 must be asserted in order to enable a 
read operation. 

FF 

Full Flag. An assertive-LOW output Indicating when the FIFO is full. 

HF 

Half-Full Flag. An assertive-LOW output indicating when the FIFO is more than half full. 

Mf 

Almost-Empty/Full. An assertive-LOW output Indicating when the FIFO either is within eight locations 
of full, or else is within eight locations of empty. 

EF 

Empty Flag. An assertive-LOW output indicating when the FIFO is empty. 

OE 

Output Enable. An assertive-LOW signal which, when asserted, places the data outputs Qo - Qe In a 
low-impedance state. 
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ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Supply Voltage to Vss Potential 

-0.5Vto7V 

Signal Pin Voltage to Vss Potential^ 

-0.5VtoVcc + 0.5V 

DC Output Current ^ 

±40 mA 

Storage Temperature Range 

-65°Cto150°C 

Power Dissipation {Package Limit) 

1.0 w 


NOTES: 

1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions outside those indicated in the ‘Operating Range’ 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2 . Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

3. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns, once per cycle. 

OPERATING RANGE 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Ta 

Temperature, Ambient 

0 

70 

OC 

Vec 

Supply Voltage 

4.5 

5.5 

V 

Vss 

Supply Voltage 

0 

0 

V 

ViL 

Logic LOW Input Voltage ^ 

-0.5 

0.8 

V 

ViH 

Logic HIGH Input Voltage 

2.2 

Vec + 0.5 

V 


NOTE: 

1. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

Ili 

Input Leakage Current 

Vec = 5.5 V, ViN = 0 V to Vec 

-10 

10 

ma 

Ilo 

Output Leakage Current 

OE > VlH, 0 V < VoUT ^ Vec 

-10 

10 

mA 

VoL 

Output LOW Voltage 

loL = 8.0 mA 


0.4 

V 

VOH 

Output HIGH Voltage 

lOH = -2.0 mA 

2.4 


V 

Icc 

Average Supply Current ^ 

Measured at fc = max 


150 

mA 

ICC2 

Average Standby Current ^ 

All Inputs = ViH 


35 

mA 


NOTE: 

1 . Ice and Icc 2 are dependent upon actual output loading and cycle rates. Specified values are with outputs open; 
and, for Ice, operating at minimum cycle times. 
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AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

Vss to 3 V 

Input Rise and Fall Times 
(10% to 90%) 

5 ns 

Input Timing Reference Levels 

1.5 V 

Output Reference Levels 

1.5 V 

Output Load, Timing Tests 

Figure 3 


CAPACITANCE 



PARAMETER 

RATING 

CiN (Input Capacitance) 

7pF 

CouT (Output Capacitance) 

7pF 


NOTES: 

1. Sample tested only. 

2. Capacitances are maximum values at 25°C, measured at 1.0 MHz with Vin = 0 V. 


Figure 3. Output Load Circuit 
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AC ELECTRICAL CHARACTERISTICS ^ (Vcc = 5 V ± 10%, Ta = 0°C to 70°C) 


SYMBOL 

DESCRIPTION 

-25 

-SO 

-35 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

fc 

Cycle Frequency 

- 

40 

- 

33.3 

- 

28.5 

MHz 

twc 

Write Clock Cycle Time 

25 

- 

30 

- 

35 

- 

ns 

tWH 

Write Clock HIGH Time 

10 


12 

- 

14 

- 

ns 

tWL 

Write Clock LOW Time 

10 

- 

12 

- 

14 

- 

ns 

tRC 

Read Clock Cycle Time 

25 

- 

30 

- 

35 

- 

ns 

tRH 

Read Clock HIGH Time 

10 

- 

12 

- 

14 

- 

ns 

tRL 

Read Clock LOW Time 

10 

- 

12 

- 

14 

- 

ns 

tDS 

Data Setup Time to Rising Clock 

10 

- 

10 

- 

10 

- 

ns 

tDH 

Data Hold Time from Rising Clock 

0 

- 

0 

- 

0 

- 

ns 

tES 

Enable Setup Time to Rising Clock 

10 

- 

10 

- 

10 

- 

ns 

tEH 

Enable Hold Time from Rising Clock 

0 

- 

0 

- 

0 

- 

ns 

tA 

Data Output Access Time 


20 

- 

22 

- 

25 

ns 

tOH 

Output Hold Time from Rising RCK 

5 

- 

5 

- 

5 

- 

ns 

tQL 

OE to Data Outputs Low-Z ^ 

1 

- 

1 

- 

1 

- 

ns 

tQZ 

OE to Data Outputs High-Z ^ 

- 

10 

- 

11 

- 

12 

ns 

tOE 

Output Enable to Data Valid 

_ 

10 

- 

11 

- 

12 

ns 

tEF 

Clock to Empty Rag Valid 

- 

20 

- 

22 

- 

25 

ns 

tFF 

Clock to Full Flag Valid 

- 

20 

- 

22 

- 

25 

ns 

tHF 

Clock to Half Flag Valid 

- 

35 

- 

37 

- 

40 

ns 

tAEF 

Clock to AEF Flag Valid 

- 

35 

- 

37 

- 

40 

ns 

tRS 

Reset Pulse Width 

25 

- 

30 

- 

35 

- 

ns 

tRSS 

Reset Setup Time ^ 

10 

- 

12 

- 

15 


ns 

tRF 

Reset LOW to Flag Valid 

- 

30 

- 

32 

- 

35 

ns 

tRQ 

Reset to Data Outputs LOW 

- 

20 

- 

22 

- 

25 

ns 

tFRL 

First Read Latency ^ 

18 

- 

19 


20 

- 

ns 

tpWL 

First Write Latency ® 

18 

- 

19 

- 

20 

- 

ns 


NOTES: 

1. All timing measurements performed at ‘AC Test Condition’ levels. 

2. Value guaranteed by design; not currently production tested. 

3. tRss need not be met unless either a rising edge of WCK occurs while WENi and WEN 2 both are being asserted, or else a rising edge of RCK 
occurs while RENi and REN 2 both are being asserted. 

4. tpRL is the minimum first-write-to-first read delay, following an empty condition, which is required to assure valid read data. 

5. ti=wL is the minimum first-read-to-first-write delay, following a full condition, which is required to assure successful writing of data. 


5-20 


St-tAIV> 






4K X 9 Clocked FIFO 


LH5492 


OPERATIONAL DESCRIPTION 

Reset 

The device is reset whenever the asynchronous reset 
input (RS) is asserted, i.e., taken to a LOW state. A reset 
operation is required after power up, before the first write 
operation occurs. The reset operation initializes both the 
read and write address pointers to the first physical 
memory locati on. Af ter th^lling edge of RS, the status 
flags (FF, HF, AEF, and EF) are updated to indicate a 
valid empty condition. 

Write and/or read operations need not be deactivated 
during a reset operation, but failure to do so requires 
observance of the Reset Setup Time (tpss) to assure that 
the first write and/or first read following reset will occur 
predictably. 

If no read operations have been performed following a 
reset operation, then the ‘previous data’ word being held 
in the output register consists of all zeroes. This data word 
is seen on the output bus (Qo - Qe) whenever the output 
enable (OE) is being held LOW. 

Write 

A write operation consists of storing parallel data from 
the data inputs to the FIFO memory array. A write opera¬ 
tion is initiated on the rising edge of the Write Clock input 
(WCK), whenever both of the edge-sampled Write Enable 
Inputs (WENi and WEN 2 ) are held HIGH for the pre¬ 
scribed setup times and hold times. Setup times and hold 
times must also be observed for the Data In pins (Do-Da). 

When a full condition is reached, write operations 
should be ceased, in order to prevent overwriting unread 
data. The state of the four status flags has no direct effect 
on write operations; that is, the execution of write opera¬ 
tions is gated only by WENi and WEN 2 , and the internal 
logic of the LH5492 itself has no interlock to prevent 
overrunning valid data after the internal write pointer 
‘wraps around’ and catches up to the read pointer - and 
passes it. If writing is continued. Figure 10 illustrates how 
such an interlock may be implemented by means of 
external connections. 

Following the first read operation from a full FIFO, 
another memory location becomes freed up, and the Full 
Flag is deasserted (FF = HIGH). The next write operation 
should begin no earlier than a First Write Latency time 
(tFWL) after the first read operation from a full FIFO, in 
order to assure that a correct data word is written into the 
FIFO memory. 

Read 

A read operation consists of loading parallel data from 
the FIFO memory array to the output register. A read 
operation is initiated on the rising edge of the Read Clock 
Input (RCK), whenever both of the edge-sampled Read 
Enable inputs (RENi and REN 2 ) are held HIGH for the 
prescribed setup times and hold times. Read data 


becomes valid on the Data Out pins (Qo - Qe) by a time 
tA after the rising edge of RCK, provided that the Output 
Enable (OE) is being held LOW. OE is an assertive-LOW 
asynchronous input. When OE is taken LOW, the Qo - Qe 
outputs are driven (i.e., are in a low-Z state) within a 
minimum time tQi. When OE is taken HIGH, the Qo - Qe 
outputs are in a high-Z state within a maximum time toz. 

When an empty condition Is reached, read operations 
should be ceased, until a valid write operation(s) has 
loaded additional data into the FIFO. The state of the four 
status flags has no direct effect on read operations; that 
is, the execution of read operations is gated only by RENi 
and REN 2 , and the internal logic of the LH5492 itself has 
no Interlock to prevent underrunning valid data after the 
internal read pointer “wraps around’ and catches up to the 
write pointer - and passes it, if reading is continued. 
Figure 10 illustrates how such an interlock may be imple¬ 
mented by means of external connections. 

Following the first write ^an empty FIFO, the Empty 
Flag (EF) is deasserted (EF = HIGH). The next read 
operation should begin no earlier than a First Read 
Latency time (tpRL) from the first write operation into an 
empty FIFO, in order to ensure that correct read data is 
retrieved. 

Status Flags 

Status Flags are inclu ded for Full (FF), Half-Full (HF), 
Almost-Empty/Full (AEF), and Empty (EF). These flags 
are updated at the boundary conditions given In Table 1. 
Flag transitions follow the appropriate rising cl ock e dge 
during an enabled read or write operation. The AEF flag 
is asserted whenever the FIFO either is less than eight 
locations away from an empty boundary, or else is less 
than eight locations away from a full boundary. 

A separate Indicator fo r Alm ost-Empty may be gener¬ 
ated by a logical NOR of AEF with the inversion of HF. 
A n indi cator for Almost-Full may be generated by a NOR 
of AEF with HF. From an assertive-HIGH perspective, the 
NOR gate effectively is performing an AND operation in 
both of these cases. 

Reset, Reread 

The FIFO can be made to reread previously read data 
through a reset operation, which Initializes the internal 
read-address and write-address pointers to the first physi¬ 
cal location In the FIFO memory (location zero). The 
status flags are updated to indicate an empty condition; 
but up to 4096 data words which previously had been 
written into and/or read from the FIFO still then remain in 
the FIFO memory array. The status flags may be ignored, 
and data may be reaccessed by subsequent read opera¬ 
tions. The First Read Latency (tpRi) specification does 
not apply to reset/reread operations, since no new data 
words are being written to the FIFO following the reset 
operation. 
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TIMING D AGRAMS 





PREVIOUS DATA 


NOTES: 

1. Both WEN^ and WEN 2 must be asserted (HIGH) to enable write operations. 

2. Both REN^ and REN 2 must be asserted (HIGH) to enable read operations. 

3. EF asserted (LOW) does not prevent further read operations, uniess it is tied either to REN^ or to REN; 

4. tpRL (First Read Latency) - The first read following an empty condition may begin no earlier than tpRL 
after the first write to an empty FIFO, to assure valid data is retrieved. This specification does not apply 
to reset/reread applications, in which the status of FIFO flags is ignored. 

5. Immediately following a reset operation, the 'previous data' will be all bits LOW. 

Figure 4. Write and Read Operation in a 
Near-Empty Condition 
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TIMING DIAGRAMS (cont’d) 



NOTES: 

1. Both WEN^ and WENg must be asserted (HIGH) to enable write operations. 

2. Both REN^ and REN 2 must be asserted (HIGH) to enable read operations. 

3. FF asserted (LOW) does not prevent further write operations, unless it Is tied either to WEN^ or to WEN 2 . 

4. tpwL (P'^st Write Latency) - The first write following a full condition may begin no earlier than tpwL 
after the first read from a full FIFO, in order to ensure that valid read data is retrieved. 


Figure 5. Read and Write Operation in a 
Near-Full Condition 
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1. tpQ is measured with OE held LOW. 

2. ^ unless the rising edge of WCK and/or RCK occurs while that clock is enabled. 
RS operates whatiier or not WEN^ and WEN 2 , and/or REN^ and REN 2 , are being asserted. 


Figure 6. Reset Timing 
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TIMING DIAGRAMS (cont’d) 



Figure 7. Almost-Empty Flag Timing 


Table 1. Flag Definitions 
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OPERATIONAL MODES 

Synchronous Read and Write Operations 

Read and Write operations may be performed in syn¬ 
chronism with each other by deriving WCK and RCK from 
a common system clock. In this case, the Write Enable 
{WENi and WEN 2 ) and Read Enable (RENi and REN 2 ) 
inputs ail get sampled at the same clock rising edge. 

This type of synchronous read/write operation ensures 
that flag outputs always satisfy the required setup and 
hold times for the WENi, WENg, REN 1 , and REN 2 inputs. 
Thus, the Full Flag output (FF) may be tied directly to 
either WENi or WEN 2 , to prevent ‘overrun’ write opera¬ 
tions when the full condition is reached, while the other 
Write Enable input remains avail^e for system control. 
Likewise, the Empty Flag output (EF) may be tied directly 
to either RENi or REN 2 , to prevent ‘underrun’ read op¬ 
erations when the empty condition is reached, while the 
other Read Enable input remains available for system 
control. 

Asynchronous Read and Write Operations 

Write operations and read operations also may be 
performed completely asynchronously, relative to each 
other, when the WCK input and the RCK input are derived 


from the clock signals of different systems. Under these 
conditions, status-flag transitions occur relative to two 
unpredictably-related clock edges. Therefore, these flags 
should not be used to drive Write Enable or Read Enable 
inputs directly, since they do not always satisfy valid setup 
times and hold times. 

Instead, It is recommended that these enable signals 
be controlledby the user. In order to ensure that adequate 
setup times and hold times are maintained. If the FIFO 
becomes either completely full or completely empty, then 
some synchronization between read and write operations 
at the full or empty boundaries becomes necessary to 
prevent timing violations. 

When the FIFO Is operating in this manner, the Almost- 
Empty/Full flag and the Half-Full flag should be used to 
provide some advance warning, to avoid overrunning or 
underruning a FIFO internal boundary. Typically, these 
flags are used as system Interrupts. When an interrupt is 
received by the faster of the two systems, a predefined 
block of data then may be transferred at the maximum 
data rate, as long as there Is known to be sufficient room 
for it. In this way the full and empty boundaries are never 
reached, and yet maximum data throughput is main¬ 
tained. 


SYSTEM CLOCK 


WRITE ENABLE 

FULL 
DATA IN 
RESET 

HALF 

ALMOST-E/F 




WCK 

WENi 

RCK 

RENi 

WENg 

RENg 



n... - n 

EF 

- On 

•-'0 ‘-'8 

'^0 '^8 



RS 

OE 

HF 



READ ENABLE 

EMPTY 
DATA OUT 
OUTPUT ENABLE 


HALF 

ALMOST-E/F 


5492-10 


Figure 10. Synchronous Operation 
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4K X 9 Clocked FIFO 


LH5492 


OPERATIONAL MODES (cont’d) by decode logic to direct the flow of data. Typically, this 

. decode logic alternates accesses sequentially from one 

Depth Expansion device to the next. Status flags are then derived from the 

Increased FIFO depth may be realized by using mul- last device in the sequence. The simplest form of this 

tiple LH5492 devices. The availability of two enable con- decode logic consists of a single toggle flipflop, which 

trol Inputs for each port assists in this expansion. For alternates access between two devices for every enabled 

either the input port or the output port, one enable Input clock cycle as shown in Figure 13. 

may be used for system control, while the other is driven 



Figure 12. FIFO Depth Expansion (8192 x 9) 



Figure 13. Simple Decode Logic 
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LH5492 


4Kx 9 Clocked FIFO 


OPERATIONAL MODES (conf d) 

Interface Between Different Bus Widths 

Applications which require interface between system 
buses of different word widths also may be implemented 
with multiple LH5492 devices. Essentially, one port may 


be configured for greater FIFO depth, while the other port 
is configured for greater word width. Referring to Figures 
14 and 15, the wide-word port accesses data simultane¬ 
ously from multiple devices, while the narrow-word port 
uses decode logic to direct the flow of data between two 
or more devices. 


WRITE CLOCK 
WRITE ENABLE 


RESET 
DATA IN (9-BIT) 
FULL FLAG 


ALMOST-EMPTY 



READ CLOCK 
READ ENABLE 

OUTPUT ENABLE 


DATA OUT (18-BIT) 
EMPTY FLAG 


ALMOST-FULL 


5492-14 


Figure 14.8K x 9-Bit to 4K x 18-Bit Bus 
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OPERATIONAL MODES (cont’d) 


WRITE CLOCK 
WRITE ENABLE 

RESET 


DATA IN 
(18-BIT) 


FULL FLAG 


ALMOST-EMPTY 



READ CLOCK 
READ ENABLE 


DATA OUT 
(9-BIT) 

EMPTY FLAG 


ALMOST-FULL 


5492-15 


Figure 15.4K x 18-Bit to 8K x 9-Bit Bus 
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LH5492 


4Kx 9 Clocked FIFO 


OPERATIONAL MODES (cont’d) 

Bidirectional Operation 

Applications which require bidirectional data buffering 
between two systems may be realized by operating 
LH5492 devices in parallel, but in opposite directions. The 
Data In pins of one device may be tied to the correspond¬ 
ing Data Out pins of another device operating in the 
opposite direction, to form a single bidirectional bus inter¬ 
face. Care must be taken to assure that the appropriate 
clock, enable, and flag signals are routed to each system. 


The extra enable control signals may be used to extend 
FIFO depth, or to Interface bidirectional buses of different 
word widths. 

Width Expansion 

Any of the previously described applications can be 
extended in word width by operating groups of these 
device configurations in parallel. The enable setup and 
hold times should be satisfied for a//devices, in order to 
ensure that all width-expanded devices respond identi- 
cally to the same sequence of events. 


ALMOST-FULL 


EMPTY FLAG 
OUTPUT ENABLE 
READ ENABLE 

SYSTEM-A 

CLOCK 


SYSTEM-A 
DATA BUS 


WRITE ENABLE 

RESET 
FULL FLAG 


ALMOST-EMPTY 



5492-16 


Figure 16. Bidirectional Operation 
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LH5496/96H 


CMOS 512x9 FIFO 


FEATURES 

• Fast Access Times: 

15 V20/25/35/50/65/80 ns 

• Full CMOS Dual Port Memory Array 

• Fully Asynchronous Read and Write 

• Expandable-in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Read Retransmit Capability 

• TTL Compatible I/O 

• Packages: 

28-Pin, 300-mil DIP 
28-Pin, 600-mil DIP 
32-Pln PLCC 

• Pin and Functionally Compatible with IDT7201 

FUNCTIONAL DESCRIPTION 

The LH5496/96H are dual port memories with internal 
addressing to implement a FirsMn, First-Out algorithm. 
Through an advanced dual port architecture, they provide 
fully asynchronous read/write operation. Empty, Full, and 
Half-Full status flags are provided to prevent data over¬ 
flow and underflow. In addition, internal logic provides for 
unlimited expansion in both word size and depth. 

Read and write operations automatically access se¬ 
quential locations in memory In that data is read out in the 
same order that it was written, that Is on a First-In, 
First-Out basis. Since the address sequence is internally 
predefined, no external address information is required 
for the operation of this device. A ninth data bit is provided 
for parity or control information often needed in commu¬ 
nication applications. 

Empty, Full, and Half-Full status flags monitor the 
extent to which data has been written into the FIFO, and 
prevent improper operations (i.e.. Read if the FIFO is 
empty, or Write if the FIFO Is full). A retransmit feature 
resets the Read address pointer to its initial position, 
thereby allowing repetitive readout of the same data. 
Expansion In and Expansion Out pins implement an 
expansion scheme that allows individual FIFOs to be 
cascaded to greater depth without incurring additional 
latency (bubblethrough) delays. 


PIN CONNECTIONS 


28-PIN PDIP 



TOP VIEW 

WC 

1 • 

28 

=1 Vcc 

Ds C 

2 

27 

□ D 4 

Dad 

3 

26 

□ Ds 

Dz C 

4 

26 

□ Ds 

DiC 

5 

24 

□ D 7 

DoC 

6 

23 

□ FL/RT 

x\ C 

7 

22 

□ ^ 

FFC 

8 

21 

□ EF 

Qo C 

9 

20 

□ )^/HF 

Q 1 C 

10 

19 

□ Qy 

Qj C 

11 

18 

3 Qe 

Q 3 C 

12 

17 

□ Qs 

Qoll 

13 

16 

□ Q 4 

Vgs C 

14 

15 

□ r 




5496-10 


Figure 1. Pin Connections for PDIP Packages 


32-PlN PLCC 


C 5 

C 6 


Dz 
Di 

Do □ 7 

W H 8 




Qo CIO 

Qi c 

NC C 

Q2 c 


„ - o 8 ^ u, 

Q Q 1^ Z > Q Q 

.a n n . n . n . n , 


TOP VIEW 


4 3 2 


32 31 30 


9 


14 15 16 17 18 19 20 

■TrrrirLru"U"'U"' 


29 □ Dg 

28 □ D 7 

27 □ NC 
26 □ R7RT 
25D RS 
24 □ ^ 

23 □ ^/HF 

22 □ Q7 

21 □ Qe 


O O 


O O 


_ 5496-2D 

Figure 2. Pin Connections for PLCC Package 


* LH5496 only. 
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5496-31 


Figure 3. LH5496/96H Block Diagram 


PIN DESCRIPTIONS 




DESCRIPTION 

— 

Do - Ds 

1 

Input Data Bus 

00 

o 

1 

o 

0/Z 

Output Data Bus 

w 

1 

Write Request 

R 

1 

Read Request 

EF 

O 

Empty Flag 

FF 

0 

Full Flag 


* I = Input, O = Output, Z = High-Impedance, V = Power Voltage Level 





)^/HF 

0 

Expansion Out/Half-Full Flag 

X\ 

1 

Expansion In 

FL/RT 

1 

First Load/Retransmit 

RS 

1 

Reset 

Vcc 

V 

Positive Power Supply 

Vss 

V 

Ground 
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LH5496/96H 


CMOS 512x9 FIFO 


ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Supply Voltage to Vss Potential 

-0.5Vto7V 

Signal Pin Voltage to Vss Potential ^ 

-0.5 V to Vcc + 0.5 V (not to exceed 7 V) 

DC Output Current ^ 

±50 mA 

Storage Temperature Range 

-65°Cto150°C 

Power Dissipation (Package Limit) 

1.0 w 

DC Voltage Applied To Outputs In High-Z State 

-0.5 V to Vcc + 0.5 V (not to exceed 7 V) 


NOTES: 


1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a device stress rat¬ 
ing for transient conditions only. Functional operation at these or any other conditions above those Indicated In the ‘Operating Range’ of this 
specification Is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

3. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 

OPERATING RANGE 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Ta 

Temperature, Ambient, LH5496 

0 

70 

OC 

Tah 

Temperature, Ambient, LH5496H 

-40 

85 

OC 

Vcc 

Supply Voltage 

4.5 

5.5 

V 

Vss 

Supply Voltage 

0 

0 

V 

ViL 

Logic ‘0’ Input Voltage ^ 

-0.5 

0.8 

V 

ViH 

Logic‘T Input Voltage 

2.0 

Vcc + 0.5 

V 


NOTE: 

1. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

ILI 

Input Leakage Current 

Vcc = 5.5 V, ViN = 0 V to Vcc 

-10 

10 

pA 

Ilo 

Output Leakage Current 

R > V|H, 0 V < VoUT ^ Vcc 

-10 

10 

ma 

VOH 

Output High Voltage 

lOH = -2.0 mA 

2.4 


V 

VoL 

Output Low Voltage 

lOL = 8.0 mA 


0.4 

V 

Icc 

Average Supply Current ^ 

Measured at f = 40 MHz 


100 

mA 

ICC2 

Average Standby Current ^ 

All Inputs = ViH 


15 

mA 

ICC3 

Power Down Current ^ 

All Inputs = Vcc - 0.2 V 


5 

mA 


NOTE: 

1. Icc, Icc 2 , and Ices are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

Vss to 3 V 

Input Rise and Fall Times (10% to 90%) 

5 ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5 V 

Output Load, Timing Tests 

Figure 4 


CAPACITANCE 


PARAMETER 

RATING 

CiN (Input Capacitance) 

5pF 

Gout (Output Capacitance) 

7pF 


+5 V 



* INCLUDES JIG & SCOPE CAPACITANCES 


5496-4 


Figure 4. Output Load Circuit 


NOTES: 

1. Sample tested only. 

2. Capacitances are maximum values at 25°C measured at 1.0 MHz with Vin = 0 V. 
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CMOS 512 X 9 FIFO 


AC ELECTRICAL CHARACTERISTICS ^ (Over Operating Range) 


SYMBOL 

PARAMETER 

tA=15ns® 

tA = 20 ns 

tA = 25 ns 

tA = 35 ns 

tA = 50 ns 

tA = 65 ns 

tA = 80 ns 


MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

READ CYCLE TIMING 

tRC 

Read Cycle Time 

25 

- 

30 

- 

35 

- 

45 

- 

65 


80 

- 

100 

- 

ns 

tA 

Access Time 

- 

15 

- 

20 

- 

25 

- 

35 

- 

50 


65 

- 

80 

ns 

tRR 

Read Recover Time 

10 

- 

10 


10 

- 

10 

- 

15 

- 

15 

- 

15 

- 

ns 

tRPW 

Read Pulse Width ^ 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tRLZ 

Data Bus Active from Read LOW ^ 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

10 

- 

ns 

tWLZ 

Data Bus Active from Write 
HIGH®’'* 

10 

- 

10 


10 

- 

10 

- 

10 


10 

- 

20 

- 

ns 

tov 

Data Valid from Read Pulse HIGH 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tRHZ 

Data Bus High-Z from Read 

HIGH® 

- 

15 

- 

15 

- 

15 

- 

15 


20 

_ 


30 

- 

30 

ns 

WRITE CYCLE TIMING 

twc 

Write Cycle Time 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

- 

ns 

tWPW 

Write Pulse Width® 

15 

_ 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tWR 

Write Recovery Time 

10 

_ 

10 

- 

10 

- 

10 

- 

15 

- 

15 

- 

15 

- 

ns 

tos 

Data Setup Time 

10 

_ 

10 

- 

10 

- 

15 

- 

20 

- 

20 

- 

20 

- 

ns 

tDH 

Data Hold Time 

0 


0 

- 

0 

- 

0 

- 

0 

- 

5 


5 

- 

ns 

RESET TIMING 

tRSC 

Reset Cycle Time 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

- 

ns 

tRS 

Reset Pulse Width ^ 

15 

- 

20 

- 

25 

- 

35 

_ 

50 

- 

65 

- 

80 

- 

ns 

tRSR 

Reset Recovery Time 

10 

- 

10 

- 

10 

- 

10 


15 

- 

15 

- 

15 

- 

ns 

tRRSS 

Read HIGH to RS HIGH 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tWRSS 

Write HIGH to RS HIGH 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

RETRANSMIT TIMING 

tRTC 

Retransmit Cycle Time 

25 

- 

30 

- 

35 

- 

45 


65 

- 

80 

- 

100 

- 

ns 

tRT 

Retransmit Pulse Width ^ 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tRTR 

Retransmit Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

15 

- 

15 

- 

15 

- 

ns 

FLAG TIMING 

tEFL 

Reset LOW to Empty Flag LOW 

- 

25 

- 

30 

- 

35 


45 

- 

65 

- 

80 

- 

100 

ns 

tHFH,FFH 

Reset LOW to Half-Full and Full 
Flags HIGH 

- 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

ns 

tREF 

Read LOW to Empty Flag LOW 

- 

20 

- 

25 

- 

25 

- 

35 

- 

45 

- 

60 

- 

60 

ns 

tRFF 

Read HIGH to Full Flag HIGH 

- 

20 

- 

25 

- 

25 

- 

35 

- 

45 

- 

60 

- 

60 

ns 

tWEF 

Write HIGH to Empty Flag HIGH 

- 

20 

- 

25 

- 

25 

- 

35 

- 

45 

- 

60 

- 

60 

ns 

tWFF 

Write LOW to Full Flag LOW 

- 

20 

- 

25 

- 

25 

- 

35 

- 

45 

- 

60 

- 

60 

ns 

tWHF 

Write LOW to Half-Full Flag LOW 


25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

ns 

tRHF 

Read HIGH to Half-Full Flag HIGH 

- 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

ns 

EXPANSION TIMING 

tXOL 

Expansion Out LOW 


18 

- 

20 

- 

25 

- 

35 

- 

50 

_ 

65 

- 

80 

ns 

txOH 

Expansion Out HIGH 

- 

18 


20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

ns 

txi 

Expansion In Pulse Width 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

txIR 

Expansion In Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

txis 

Expansion in Setup Time 

7 

- 

10 

- 

10 

- 

15 

- 

15 

- 

15 

- 

15 

- 

ns 


NOTES: 

1. All timing measurements performed at ‘AC Test Condition’ levels. 

2. Pulse widths less than minimum value are not allowed. 

3. Values guaranteed by design not currently tested. 

4. Only applies to read data flow-through mode. 

5. LH5496only. 
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OPERATIONAL DESCRIPTION 

Reset 

The device is reset whenever the Reset pin (RS) is 
taken to a LOW state. The reset operation initializes both 
the read and^rite a^ress pointers to the first memory 
location. The XI and FL pins are also sampled at this time 
to determine whether the device is in Single mode or 
Depth Expansion mode. A reset pulse is r^uired when 
the device is first powered up. The Read (R) and Write 
(W) pins may be in any state when reset is initiated, but 
must be brought to_a HIGH state tRPw and twpw before 
the rising edge of RS. 

Write 

_A write cycle is Initiated on the falling edge of the Write 
(W) pin. Data setup and hold times must be observed on 
the data In (Do - Ds) pins. A write operation is only 
possible if the FIFO is not full, (i.e. the Full flag pin is 
HIGH). Writes may occur independently of any ongoing 
read opertatlons. 

At the falling edge of the first write after th^emory Is 
half filled, the Half-Full flag will be asserted (HF = LOW) 
and will remain asserted until the difference between the 
write pointer and read pointer indicates that the remaining 
data In the device Is less than or equal to one half the total 
capacity of the FIFO. The Half-Full flag is disserted 
(HF = HIGH) by the appropriate rising edge of R. 

The Full flag Is asserted (FF = LOW) at the falling edge 
of the write operation which fills the last available location 
in the FIFO memory array. The Full flag will Inhibit further 
writes until cj^red by a valid read. The Full flag is 
deasserted (FF = HIGH) after the next rising edge of R 
releases another memory location. 

Read 

_ A read cycle Is initiated on the falling edge of the Read 
(R) pin. Read data becomes valid on the data out (Qo-Qs) 
pins after a time tA from the falling edge of R. After R goes 
HIGH, the data out pins return to a high-impedance state. 
Reads may occur independent of any ongoing write 
(^rations. A read is only possible if the FI FO is not empty 
(EF = HIGH). 


The internal read and write address pointers are main¬ 
tained by the device such that consecutive read opera¬ 
tions will access data in the same order as it was written. 
The Empty flag Is asserted (EF = LOW) after the falling 
edge of R which accesses the last available data in the 
FIFO memory. EF js^deasserted (EF = HIGH) after the 
next rising edge of W loads another word of valid data. 

Data Flow-Through 

Read flow-through mode occurs when the Read (R) 
pin is brought LOW while the FIFO Is empty, and held 
LOW in anticipation of a write cycle. At the end of the next 
write cycle, the Empty flag will be momentarily deas¬ 
serted, and the data just written will become available on 
the data out pins after a maximumjime of twEF + U- 
Additional writes may occur while the R pin remains LOW, 
but only data from the first write flows through to the 
outputs. Additional data, if any, can only be accessed by 
toggling R. 

Write flow-through mode occurs when the Write (W) 
pin is brought LOW while the FIFO is full, and held LOW 
in anticipation of a read cycle. At the end of the read cycle, 
the Full flag will be momentarily deserted, but then 
Immediately reasserted In response to W hejd LOW. Data 
is written into the FIFO on the rising edge of W which may 
occur tRFF + twpw after the read. 

Retransmit 

The FIFO can be made to reread previously read data 
through the retransmit function. Retransmit Is initiated by 
pulsing RT LOW. This resets the internal read address 
pointer to the first physical location in the memory while 
leaving the internal write address pointer unchanged. 
Data between the read and write pointers m^ be reac¬ 
cessed by subsequent reads. Both R and W must be 
Inactive (HIGH) during the retransmit pulse. Retransmit 
is useful if no more than 512 writes are performed be¬ 
tween resets. Retransmit may affect the status of EF, HF, 
and FF flags, depending on the relocation of the read 
pointer. This function Is not available in depth expansion 
mode. 
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LH5496/96H 


LAST WRITE , FIRST READ 



Figure 7. Full Flag from Last Write to First Read 



Figure 8. Empty Flag from Last Read to First Write 
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TIMING DIAGRAMS (cont’d) 



Figure 9. Read Data Flow-Through 



Figure 10. Write Data Flow-Through 
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TIMING DIAGRAMS (cont’d) 



W 

^ / 


RT ^ 

1 

tqjR 


R.W ^ 

NOTES: 

1 • Wc = W + Wr 

2. EF, HF and FF may change state during retransmit, but flags will be valid at tRjc- 

i_/ 

5496-13 


Figure 14. Retransmit Timing 
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txOL 



txOH ^ 
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Figure 15. Expansion Out Timing 
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OPERATIONAL MODES Width Expansion 

Single Device Configuration Word-width expansion is implemented by placing mul- 

^ ^ u ■ tiple LH5496/96H devices in parallel. Each LH5496/96H 

When dejrth expansion is not requir^ for the given configured for standalone mode. In this ar- 

^phration, the devic^ placed in Single mode by tying rangement, the behavior of the status flags Is Identical for 

the Ex^nsion In pin (XI) to ground. This pin is internally g,, 33 p^nclple. a representative value for 

sampled during reset. derived from any one device. 

In practice, It is better to derive ‘composite’ flag values 
using external logic, since there may be minor speed 
variations between different actual devices. (See Figures 
17 and 18.) 



Figure 17. Single FIFO (512 x 9) 



Figure 18. FIFO Width Expansion (512 x 18) 
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OPERATIONAL MODES (cont’d) 

Depth Expansion 

Depth expansion is implemented by configuring the 
required number of FIFOs in Expansion mode. In this 
arrangement, the FIFOs are connected In a circular fash¬ 
ion with the Expansion ^t pin (XO) of each device tied 
to the Expansion In pin (XI) of the next device. One FIFO 
in this group must be designated as the first load d^ice. 
This is accomplished by tying the First Load pin (FL) of 
^s device to ground. All other devicesjnust have their 
FL pin tied to a high level. In this mode, W and R signals 


are shared by all devices, while Internal logic controls the 
steering of data. Only one FIFO will be enabled for any 
given read cycle, so the common Data Out pins of ail 
devices are wire-ORed together. Likewise, the common 
Data in pins of ail devices are tied together. 

In Expansion mode, external logic Is required to gen¬ 
erate a composite Full or Empty flag. This is achieved by 
ORIng the FF pins of all devices and ORing the EF pins 
of ail devices respectively. The Half-Full flag and 
Retransmit functions are not available In Depth Expan¬ 
sion mode. 



5496-191 


Figure 19. FIFO Depth Expansion (1536 x 9) 
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OPERATIONAL MODES (confd) LH5496/96H devices in parallel but opposite directions. 

. The Data In pins of a device may be tied to the corre- 

Compound Expansion spending Data Out pins of another device operating in the 

A combination of width and depth expansion can be opposite direction to form a single bidirectional bus inter- 

easily implemented by operating groups of depth face. Care must be taken to assure that the appropriate 

expanded FIFOs in parallel. read, write, and flag signals are routed to each system. 

^ Both depth and width expansion may be used In this 

Bidirectional Operation configuration. 

Applications which require bidirectional data buffering 
between two systems can be realized by operating 



Figure 20. Compound FIFO Expansion 



Figure 21. Bidirectional FIFO Buffer 
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ORDERING INFORMATION 


LH5496/96H X X -## 

Device Type Temperature Package Speed 
I Range | I_ 


35 Access Time (ns) 

50 

65 

80 

[Blank 28-pin, 600-mil DIP (DIP28-P-600) 

D 28-pln, 300-mil DIP (DIP28-P-300) 

[u 32-pln Plastic Leaded Chip Carrier (PLCC32-P-R450) 

[Blank Commercial (0° C to 70° C) 

[H Industrial (-40° C to 85° C) 

CMOS IK X 9 FIFO 


* LH5496only 

Example: LH5496U-25 (CMOS 512 x 9 FIFO, 32-pin PLCC, 25 ns) 
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LH5497/97H 


CMOS IKX9 FIFO 


FEATURES PIN CONNECTIONS 

• Fast Access Times: 

15 720/25/35/50/65/80 ns 

• Full CMOS Dual Port Memory Array 

• Fully Asynchronous Read and Write 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Read Retransmit Capability 

• TTL Compatible I/O 

• Packages: 

28-Pin, 300-mil DIP 
28-Pin, 600-mil DIP 
32-Pin PLCC 

• Pin and Functionally Compatible 
with IDT7202 

FUNCTIONAL DESCRIPTION 

The LH5497/97H are dual port memories with internal 
addressing to Implement a First-In, First-Out algorithm. 

Through an advanced dual port architecture, they provide 
fully asynchronous read/write operation. Empty, Full, and 
Half-Full status flags are provided to prevent data over¬ 
flow and underflow. In addition, internal logic is provided 
for unlimited expansion in both word size and depth. 

Read and Write operations automatically access se¬ 
quential locations in memory in such a way that data is 
read out In the same order that It was written, that is on a 
FIrst-ln, First-Out basis. Since the address sequence is 
internally predefined, no external address information is 
required for the operation of this device. A ninth data bit 
Is provided for parity or control information often needed 
in communication applications. 

Empty, Full, and Half-Full status flags monitor the 
extent to which data has been written into the FIFO, and 
prevent Improper operations (i.e. Read if the FIFO is 
empty, or Write if the FIFO is full). A retransmit feature 
resets the Read address pointer to Its initial position, 
thereby allowing repetitive readout of the same data. 

Expansion In and Expansion Out pins implement an 
expansion scheme that allows individual FIFOs to be 
cascaded to greater depth without incurring additional 
latency (bubblethrough) delays. 

• LH5497 only. 



Figure 2. Pin Connections for PLCC Package 


28-PIN PDIP 




TOP VIEW 

WC 

1 • 

28 

U Vcc 


DoC 

2 

27 

□ D. 


D 3 II 

3 

26 

□Ds 


□2 c 

4 

25 

□ De 


Did 

5 

24 

□D 7 


Dq [I 

6 

23 

□ FL/RT 


WC 

7 

22 

□ ^ 


^c 

8 

21 

□ EF 


QoC 

9 

20 



Q,C 

10 

19 

□ Q7 


Qj C 

11 

18 

□ Qe 


D 3 C 

12 

17 

□ Qs 


QsC 

13 

16 

□Q4 


Vss C 

14 

15 

□ r 
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Figure 1. Pin Connections for DIP Packages 
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LH5497/97H 


CMOS IK X 9 FIFO 



5497-31 


Figure 3. LH5497/97H Block Diagram 


PIN DESCRIPTIONS 




DESCRIPTION 

p 

1 

o 

00 

1 

Input Data Bus 

Qo-Qs 

OIZ 

Output Data Bus 

W 

1 

Write Request 

R 

1 

Read Request 

EF 

0 

Empty Flag 

FF 

0 

Full Flag 


* I = Input, O = Output, Z = High-Impedance, V = Power Voltage Level 





W/W 

O 

Expansion Out/Half-Full Flag 

X\ 

1 

Expansion In 

fum 

1 

First Load/Retransmit 

RS 

1 

Reset 

Vcc 

V 

Positive Power Supply 

Vss 

V 

Ground 
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CMOS IKX 9 FIFO 


LH5497/97H 


ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Supply Voltage to Vss Potential 

-0.5 V to 7 V 

Signal Pin Voltage to Vss Potential ^ 

“0.5 V to Vec + 0.5 V (not to exceed 7 V) 

DC Output Current ^ 

±50 mA 

Storage Temperature Range 

“65°Cto150°C 

Power Dissipation (Package Limit) 

1 .0W 

DC Voltage Applied to Outputs in High-Z State 

-0.5 V to Vec + 0.5 V (not to exceed 7 V) 


NOTES: 

1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the ‘Operating Range’ 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

3. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 

OPERATING RANGE 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Ta 

Temperature, Ambient, LH5497 

0 

70 

°C 

Tah 

Temperature, Ambient, LH5497H 

^0 

85 

°C 

Vec 

Supply Voltage 

4.5 

5.5 

V 

Vss 

Supply Voltage 

0 

0 

V 

ViL 

Logic ‘0’ Input Voltage^ 

-0.5 

0.8 

V 

ViH 

Logic ‘1’ Input Voltage 

2.0 

Vec + 0.5 

V 


NOTE: 

1. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

iLI 

Input Leakage Current 

Vec = 5.5 V, ViN = 0 V to Vcc 

-10 

10 

HA 

Ilo 

Output Leakage Current 

R > ViH, 0 V < VouT ^ Vec 

-10 

10 

mA 

VOH 

Output High Voltage 

Ioh = ~2.0 mA 

2.4 

— 

V 

VoL 

Output Low Voltage 

loL = 8.0 mA 

— 

0.4 

V 

Icc 

Average Supply Current ^ 

Measured at f = 40MHz 

— 

100 

mA 

ICC2 

Average Standby Current ^ 

All Inputs = ViH 

— 

15 

mA 

ICC3 

Power Down Current ^ 

All Inputs = Vcc - 0.2V 

— 

5 

mA 


NOTE: 

1. Icc, Icc 2 , and Ices are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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LH5497/97H 


CMOS IK X 9 FIFO 


AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

Vss to 3 V 

Input Rise and Fall Times 
(10% to 90%) 

5 ns 

Input Timing Reference Levels 

1.5 V 

Output Reference Levels 

1.5 V 

Output Load, Timing Tests 

Figure 4 


CAPACITANCE 


PARAMETER 

RATING 

CiN (Input Capacitance) 

5pF 

CouT (Output Capacitance) 

7pF 


DEVICE 

UNDER 

TEST 


+5V 



X 

J 


30 pF* 


* INCLUDES JIG AND SCOPE CAPACITANCES 


5497-4 


Figure 4. Output Load Circuit 


NOTES: 

1 . Sample tested only. 

2. Capacitances are maximum values at 25°C measured at 1.0 MHz with Vin = 0 V. 
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CMOS 1Kx 9 FIFO 


LH5497/97H 


AC ELECTRICAL CHARACTERISTICS ^ (Over Operating Range) 


SYMBOL 

PARAMETER 

tA = 15 ns® 

tA = 20 ns 

U = 25 ns 

tA = 35 ns 

tA = 50 ns 

tA = 65 ns 

tA = 80 ns 

UNITS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

READ CYCLE TIMING 

tRC 

Read Cycle Time 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

- 

ns 

tA 

Access Time 

- 

15 

- 

20 

- 

25 


35 

- 

50 

- 

65 

- 

80 

ns 

tRR 

Read Recover Time 

10 

- 

10 

- 

10 


10 

- 

15 

- 

15 

- 

15 

- 

ns 

tRPW 

Read Pulse Width ^ 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tRLZ 

Data Bus Active from Read LOW ^ 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 


10 

- 

ns 

tWLZ 

Data Bus Active from Write HIGH 

10 

- 

10 

- 

10 

- 

10 


10 

- 

10 

- 

20 

- 

ns 

tDV 

Data Valid from Read Pulse HIGH 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 


ns 

tRHZ 

Data Bus High-Z from Read HIGH ^ 

- 

15 

- 

15 

- 

15 

- 

15 

- 

20 

- 

30 

- 

30 

ns 

WRITE CYCLE TIMING 

twc 

Write Cycle Time 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

- 

ns 

tWPW 

Write Pulse Width ^ 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tWR 

Write Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

15 

- 

15 

- 

15 

- 

ns 

tDS 

Data Setup Time 

10 

_ 

10 

- 

10 

- 

15 

- 

20 

- 

20 

- 

20 

- 

ns 

tDH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

5 

- 

5 

- 

ns 

RESET TIMING 

tRSC 

Reset Cycle Time 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

- 

ns 

tRS 

Reset Pulse Width ^ 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tRSR 

Reset Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

15 

- 

15 

- 

15 

- 

ns 

tRRSS 

Read HIGH to RS HIGH 

15 

- 

20 

- 

25 

- 

35 

~~ 

50 

- 

65 

- 

80 

- 

ns 

tWRSS 

Write HIGH to ^ HIGH 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

RETRANSMIT TIMING 

tRTC 

Retransmit Cycle Time 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

- 

ns 

tRT 

Retransmit Pulse Width ^ 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tRTR 

Retransmit Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

15 

- 

15 

- 

15 

- 

ns 

FLAG TIMING 

tEFL 

Reset LOW to Empty Flag LOW 

- 

25 

- 

30 

- 

35 


45 

- 

65 

- 

80 

- 

100 

ns 

tHFH.FFH 

Reset LOW to Half-Full and Full 
Flags HIGH 


25 

- 

30 

- 

35 


45 

- 

65 

- 

80 

- 

100 

ns 

tREF 

Read LOW to Empty Flag LOW 


20 

- 

25 

- 

25 

- 

35 

- 

45 

- 

60 

- 

60 

ns 

tRFF 

Read HIGH to Full Flag HIGH 

- 

20 

- 

25 

"" 

25 

-- 

35 

- 

45 

- 

60 

- 

60 

ns 

tWEF 

Write HIGH to Empty Flag HIGH 

- 

20 

- 

25 


25 

- 

35 

- 

45 

- 

60 

- 

60 

ns 

tWFF 

Write LOW to Full Flag LOW 

- 

20 

- 

25 

- 

25 

- 

35 

- 

45 

- 

60 

- 

60 

ns 

tWHF 

Write LOW to Half-Full Flag LOW 

- 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

ns 

tRHF 

Read HIGH to Half-Full Flag HIGH 

- 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

ns 

EXPANSION TIMING 

txOL 

Expansion Out LOW 

- 

18 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

ns 

txOH 

Expansion Out HIGH 

- 

18 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

ns 

txi 

Expansion In Pulse Width 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tXIR 

Expansion In Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

txis 

Expansion In Setup Time 

7 

- 

10 

- 

10 

- 

15 

- 

15 

- 

15 

- 

15 

- 

ns 


NOTES: 

1. All timing measurements performed at ‘AC Test Condition’ levels. 

2. Pulse widths less than minimum value are not allowed. 

3. Values guaranteed by design not currently tested. 

4. Only applies to read data flow-through mode. 

5. LH5497only. 
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LH5497/97H 


CMOS IK X 9 FIFO 


OPERATIONAL DESCRIPTION 

Reset 

The device is reset whenever the Reset pin (RS) is 
taken to a LOW state. The reset operation initializes both 
the read and j|vrlte a^ress pointers to the first memory 
location. The XI and FL pins are also sampled at this time 
to determine whether the device is In Single mode or 
Depth Expansion mode. A reset pulse is r^uired when 
the device is first powered up. The Read (R) and Write 
(W) pins may be in any state when reset is initiated, but 
must be brought to^ HIGH state tppw and twpw before 
the rising edge of RS. 

Write 

_A write cycle Is initiated on the falling edge of the Write 
(W) pin. Data setup and hold times must be observed on 
the data in (Do - De) pins. A write operation is only possible 
if the FIFO Is not full, (i.e. the Full flag pin is HIGH). Writes 
may occur independently of any ongoing read operations. 

At the falling edge of the first write after the memory is 
half filled, the Half-Full flag will be asserted (HF = LOW) 
and will remain asserted until the difference between the 
write pointer and read pointer indicates that the remaining 
data in the device Is less than or equal to one half the total 
capacity of the FIFO. The Half-Full flag Is disserted 
(HF = HIGH) by the appropriate rising edge of R. 

The Full flag is asserted (FF = LOW) at the falling edge 
of the write operation which fills the last available location 
in the FIFO memory array. The Full flag will inhibit further 
writes until cleared by a valid read. The Full flag is 
deasserted (FF = HIGH) after the next rising edge of R 
releases another memory location. 

Read 

_ A read cycle is initiated on the falling edge of the Read 
(R) pin. Read data becomes valid on the d^ out (Qp-Qs) 
pins after a time tA from the falling edge of R. After R goes 
HIGH, the data out pins return to a high-impedance state. 
Reads may occur independent of any ongoing write 
(^rations. A read is only possible if the FIFO is not empty 
(EF = HIGH). 


The internal read and write address pointers are main¬ 
tained by the device such that consecutive read opera¬ 
tions will access data in the same order as It was written. 
The Empty flag Is asserted (EF = LOW) after the falling 
edge of R which accesses the last available data in the 
FIFO memory. EF js deasserted (EF = HIGH) after the 
next rising edge of W loads another word of valid data. 

Data Flow-Through 

Read flow-through mode occurs when the Read (R) 
pin Is brought LOW while the FIFO is empty, and held 
LOW In anticipation of a write cycle. At the end of the next 
write cycle, the Empty flag will be momentarily deas¬ 
serted, and the data just written will become available on 
the data out pins after a maximunT_time of twEF + tA. 
Additional writes may occur while the R pin remains LOW, 
but only data from the first write flows through to the 
outputs. Additional data, if any, can only be accessed by 
toggling R. 

Write flow-through mode occurs when the Write (W) 
pin is brought LOW while the FIFO is full, and held LOW 
in anticipation of a read cycle. At the end of the read cycle, 
the Full flag will be momentarily deserted, but then 
Immediately reasserted in response to W hejd LOW. Data 
is written into the FIFO on the rising edge of W which may 
occur tRFF + twpw after the read. 

Retransmit 

The FIFO can be made to reread previously read data 
through;^ retransmit function. Retransmit is initiated by 
pulsing RT LOW. This resets the internal read address 
pointer to the first physical location In the memory while 
leaving the internal write address pointer unchanged. 
Data between the read and write pointers may be reac¬ 
cessed by subsequent reads. Both R and W must be 
Inactive (HIGH) during the retransmit pulse. Retransmit 
Is useful if no more than 1024 writes are performed 
betweenj^sets. Retransmit may affect the status of EF, 
HF, and FF flags, depending on the relocation of the read 
pointer. This function is not available in depth expansion 
mode. 
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CMOS IK X 9 FIFO 


LH5497/97H 
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CMOS IK X 9 FIFO 
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CMOS IK X 9 FIFO 


LH5497/97H 


TIMING DIAGRAMS (cont’d) 



Figure 9. Read Data Flow-Through 



Figure 10. Write Data Flow-Through 
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CMOS 1Kx 9 FIFO 


LH5497/97H 


TIMING DIAGRAMS (cont’d) 



Figure 14. Retransmit Timing 


WRITE TO LAST 



Figure 15. Expansion Out Timing 



Figure 16. Expansion In Timing 
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LH5497/97H 


CMOS 1Kx 9 FIFO 


OPERATIONAL MODES Width Expansion 

Single Device Configuration Word-width expansion is impiemented by piacing mui- 

^ ^ . . . .X ^ . tiple LH5497/97H devices in paraiiei. Each LH5497/97H 

When depth expansion is not r^uir^ for the given configured for standalone mode. In this ar- 

Whcation, the devicejs placed in Single mode by tying rangement, the behavior of the status flags is identical for 

the Ex[»nsion In pin (XI) to ground. This pm is internalV all devices; so, in principle, a representative value for 

sampled dunng reset. jjggg |jg derived from any one device. 

In practice, it is better to derive ‘composite’ flag values 
using external logic, since there may be minor speed 
variations between different actual devices. (See Figures 
17 and 18.) 



Figure 17. Single FIFO (1K x 9) 



Figure 18. FIFO Width Expansion (1K x 18) 
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CMOS1Kx9FrFO 


LH5497/97H 


OPERATIONAL MODES (cont’d) 

Depth Expansion 

Depth expansion is implemented by configuring the 
required number of FIFOs In Expansion mode. In this 
arrangement, the FIFOs are connected in a circular fash¬ 
ion with the Expansion Out pin (XO) of each device tied 
to the Expansion In pin (XI) of the next device. One FIFO 
in this group must be designated as the first load d^ice. 
This is accomplished by tying the First Load pin (FL) of 
5 t[s device to ground. All other devlces_must hjve their 
FL pin tied to a high level. In this mode, W and R signals 


are shared by all devices, while internal logic controls the 
steering of data. Only one FIFO will be enabled for any 
given read cycle, so the common Data Out pins of all 
devices are wIre-ORed together. Likewise, the common 
Data In pins of all devices are tied together. 

In Expansion mode, external logic is required to gen¬ 
erate a composite Full or Empty flag. This is achieved by 
ORIng the FF pins of ail devices and ORing the EF pins 
of all devices respectively. The Half-Full flag and Retrans¬ 
mit functions are not available In Depth Expansion mode. 



5497-191 


Figure 19. FIFO Depth Expansion (3072 x 9) 
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LH5497/97H 


CMOS IK X 9 FIFO 


OPERATIONAL MODES (cont’d) 

Compound Expansion 

A combination of width and depth expansion can be 
easily implemented by operating groups of depth ex¬ 
panded FIFOs in parallel. 

Bidirectional Operation 

Applications which require bidirectional data buffering 
between two systems can be realized by operating 


LH5497/97H devices in parallel but opposite directions. 
The Data In pins of a device may be tied to the corre¬ 
sponding Data Out pins of another device operating in the 
opposite direction to form a single bidirectional bus Inter¬ 
face. Care must be taken to assure that the appropriate 
read, write, and flag signals are routed to each system. 
Both depth and width expansion may be used in this 
configuration. 



Figure 20. Compound FIFO 



Figure 21. Bidirectional FIFO 
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CMOS IK X 9 FIFO 


LH5497/97H 


ORDERING INFORMATION 


LH5497/97H X X 

Device Type Temperature Package 
I Range I 


-## 

Speed 


'15* 

20 

25 

35 Access Time 

50 

65 


(ns) 


[80 


[Blank 28-pin, 600-mil DIP (DIP28-P-600) 

D 28-pin, 300-mil DIP (DIP28-P-300) 

[U 32-pin Plastic Leaded Chip Carrier (PLCC32-P-R450) 


Blank Commercial (0° C to 70° C) 
H Industrial (-40° C to 85° C) 


'- CMOS 1K X 9 FIFO 

* LH5497only 

Example: LH5497U-25 (CMOS 1K x 9 FIFO, 32-pin PLCC, 25 ns) 
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LH5498 


CMOS 2KX9FIFO 


FEATURES PIN CONNECTIONS 


• Fast Access Times: 

15/20/25/35/50/65/80 ns 

• Full CMOS Dual Port Memory Array 

• Fully Asynchronous Read and Write 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Read Retransmit Capability 

• TTL Compatible I/O 

• Packages: 

28-Pin, 300-mil DIP 
28-Pin, 600-mil DIP 
32-Pin PLCC 

• Pin and Functionally Compatible 
with IDT7203 

FUNCTIONAL DESCRIPTION 

The LH5498 is a dual port memory with internal 
addressing to implement a First-In, First-Out algorithm. 
Through an advanced dual port architecture, it provides 
fully asynchronous read/write operation. Empty, Full, and 
Half-Full status flags are provided to prevent data over¬ 
flow and underflow. In addition, internal logic is provided 
for unlimited expansion in both word size and depth. 

Read and Write operations automatically access 
sequential locations In memory In such a way that data is 
read out in the same order that It was written, that is on a 
First-In, First-Out basis. Since the address sequence Is 
internally predefined, no external address information is 
required for the operation of this device. A ninth data bit 
Is provided for parity or control information often needed 
In communication applications. 

Empty, Full, and Half-Full status flags monitor the 
extent to which data has been written into the FIFO, and 
prevent Improper operations (i.e. Read if the FIFO is 
empty, or Write if the FIFO Is full). A retransmit feature 
resets the Read address pointer to its Initial position, 
thereby allowing repetitive readout of the same data. 
Expansion In and Expansion Out pins implement an 
expansion scheme that allows individual FIFOs to be 
cascaded to greater depth without incurring additional 
latency (bubblethrough) delays. 


32-PIN PDIP 




TOP VIEW 

WC 

1 • 

28 

JIL 


Ds E 

2 

27 

□ D 4 


D3C 

3 

26 

□D, 


D2 E 

4 

25 

□ De 


D.i: 

5 

24 

□ D, 


Dq E 

6 

23 

□ furt 


^E 

7 

22 

□ RS 


ffE 

8 

21 

□ P 


QqE 

9 

20 

□ )^/PlF 


QiE 

10 

19 

□ Q7 


Q2 E 

11 

18 

□03 


Q3 E 

12 

17 

□ Os 


QsE 

13 

16 

□ Q 4 


Vss E 

14 

15 

□ r 
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Figure 1. Pin Connections for DIP Packages 



Figure 2. Pin Connections for PLCC Package 
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CMOS 2K X 9 FIFO 


LH5498 



Figure 3. LH5498 Block Diagram 


PIN DESCRIPTIONS 


PIN 

PIN TYPE * 

DESCRIPTION 

00 

Q 

1 

o 

Q 

1 

Input Data Bus 

Qo-Qs 

0/Z 

Output Data Bus 

w 

1 

Write Request 

R 

1 

Read Request 

EF 

0 

Empty Flag 

FF 

0 

Full Flag 


* I = Input, O = Output Z = High-Impedance, V = Power Voltage Level 


PIN 

PIN TYPE * 

DESCRIPTION 

XO/HF 

O 

Expansion Out/Half-Full Flag 

X\ 

1 

Expansion In 

FURT 

1 

First Load/Retransmit 

RS 

1 

Reset 

Vcc 

V 

Positive Power Supply 

Vss 

V 

Ground 
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LH5498 


CMOS 2KX9FIFO 


ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Supply Voltage to Vss Potential 

-0.5Vto7V 

Signal Pin Voltage to Vss Potential ^ 

-0.5 V to Vec + 0.5 V (not to exceed 7 V) 

DC Output Current ^ 

±50 mA 

Storage Temperature Range 

-65°C to 150°C 

Power Dissipation (Package Limit) 

1.0 w 

DC Voltage Applied to Outputs In High-Z State 

-0.5 V to Vcc + 0.5 V (not to exceed 7 V) 


NOTES: 

1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any conditions other than those indicated in the ‘Operating Range’ of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

3. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 

OPERATING RANGE 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Ta 

Temperature, Ambient 

0 

70 

°C 

Vcc 

Supply Voltage 

4.5 

5.5 

V 

Vss 

Supply Voltage 

0 

0 

V 

ViL 

Logic ‘0’ Input Voltage^ 

-0.5 

0.8 

V 

ViH 

Logic ‘1’ Input Voltage 

2.0 

Vcc + 0.5 

V 


NOTE: 

1. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS (OVER OPERATING RANGE) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

Ili 

Input Leakage Current 

Vcc = 5.5 V, ViN = 0 V to Vcc 

-10 

10 

tiA 

Ilo 

Output Leakage Current 

R > VlH, 0 V < VoUT ^ Vcc 

-10 

10 

HA 

VoH 

Output High Voltage 

Ioh = -2.0 mA 

2.4 


V 

VoL 

Output Low Voltage 

loL = 8.0 mA 


0.4 

V 

Icc 

Average Supply Current ^ 

Measured at f = 40 MHz 


100 

mA 

ICC2 

Average Standby Current ^ 

All Inputs = V|H 


15 

mA 

ICC3 

Power Down Current ^ 

All Inputs = Vcc - 0.2 V 


5 

mA 


NOTE: 


1 • Icc, Icc 2 , and Ices are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

Vss to 3 V 

Input Rise and Fall Times (10% to 90%) 

5 ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5 V 

Output Load, Timing Tests 

Figure 4 


CAPACITANCE 


PARAMETER 

RATING 

CiN (Input Capacitance) 

5pF 

Gout (Output Capacitance) 

7pF 


NOTES: 

1 . Sample tested only. 

2. Capacitances are maximum values at 25°C measured at 1.0 MHz 
with ViN = 0 V. 



Figure 4. Output Load Circuit 
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AC ELECTRICAL CHARACTERISTICS ^ (Over Operating Range) 


SYMBOL 

PARAMETER 

tA= 15 ns 

tA = 20ns 

tA = 25 ns 

tA = 35 ns 

tA = 50 ns 

tA = 65 ns 

tA = 80 ns 

UNITS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

READ CYCLE TIMING 

tRC 

Read Cycle Time 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

- 

ns 

tA 

Access Time 

- 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

ns 

tRR 

Read Recover Time 

10 

- 

10 

- 

10 

- 

10 

- 

15 

- 

15 


15 


ns 

tRPW 

Read Pulse Width ^ 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tRLZ 

Data Bus Active from Read LOW ^ 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

10 

- 

ns 

tWLZ 

Data Bus Active from Write HIGH 

10 

- 

10 

-- 

10 

- 

10 

- 

10 

- 

10 

- 

20 

- 

ns 

tDV 

Data Valid from Read Pulse HIGH 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tRHZ 

Data Bus High-Z from Read HIGH ^ 

- 

15 

- 

15 

- 

15 

- 

15 

- 

20 

- 

30 

- 

30 

ns 

WRITE CYCLE TIMING 

twc 

Write Cycle Time 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

- 

ns 

tWPW 

Write Pulse Width ^ 

15 


20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tWR 

Write Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

15 

- 

15 

- 

15 

- 

ns 

tDS 

Data Setup Time 

10 

- 

10 

- 

10 

- 

15 

- 

20 

- 

20 

- 

20 

- 

ns 

tDH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

5 


5 

- 

ns 

RESET TIMING 

tRSC 

Reset Cycle Time 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

- 

ns 

tRS 

Reset Pulse Width ^ 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tRSR 

Reset Recovery Time 

10 

- 

10 

- 

10 

- 

10 


15 

- 

15 

- 

15 

- 

ns 

tRRSS 

Read HIGH to ^ HIGH 

15 


20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tWRSS 

Write HIGH to ^ HIGH 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 


80 

- 

ns 

RETRANSMIT TIMING 

tRTC 

Retransmit Cycle Time 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

- 

ns 

tRT 

Retransmit Pulse Width ^ 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tRTR 

Retransmit Recovery Tme 

10 

- 

10 


10 

- 

10 

- 

15 

- 

15 

- 

15 

- 

ns 

FLAG TIMING 

tEFL 

Reset LOW to Empty Flag LOW 

- 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

ns 

tHFH.FFH 

Reset LOW to Half-Full and Full 
Flags HIGH 

- 

25 

- 

30 


35 


45 

- 

65 

- 

80 

- 

100 

ns 

tREF 

Read LOW to Empty Flag LOW 

- 

20 

_ 

25 

- 

25 

- 

35 

- 

45 

- 

60 

- 

60 

ns 

tRFF 

Read HIGH to Full Flag HIGH 

- 

20 

- 

25 

- 

25 

- 

35 

- 

45 

- 

60 

- 

60 

ns 

tWEF 

Write HIGH to Empty Flag HIGH 

- 

20 

- 

25 

- 

25 

- 

35 

- 

45 

- 

60 


60 

ns 

tWFF 

Write LOW to Full Flag LOW 

- 

20 

- 

25 

- 

25 


35 

- 

45 

- 

60 

- 

60 

ns 

tWHF 

Write LOW to Half-Full Flag LOW 

- 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

ns 

tRHF 

Read HIGH to Half-Full Flag HIGH 

- 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

ns 

EXPANSION TIMING 

tXOL 

Expansion Out LOW 

- 

18 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

ns 

tXOH 

Expansion Out HIGH 

- 

18 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

ns 

txi 

Expansion In Pulse Width 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tXIR 

Expansion In Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

txis 

Expansion In Setup Tme 

7 

- 

10 

- 

10 

- 

15 

- 

15 

- 

15 

- 

15 

- 

ns 


NOTES: 

1. All timing measurements performed at ‘AC Test Condition’ levels. 

2. Pulse widths less than minimum value are not allowed. 

3. Values guaranteed by design not currently tested. 

4. Only applies to read data flow-through mode. 
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OPERATIONAL DESCRIPTION 

Reset 

The device is reset whenever the Reset pin (TO) is 
taken to a LOW state. The reset operation initializes both 
the read and^rite ^ress pointers to the first memory 
location. The XI and FL pins are also sampled at this time 
to determine whether the device is in Single mode or 
Depth Expansion mode. A reset pulse is r^ulred when 
the device Is first powered up. The Read (R) and Write 
(W) pins may be in any state when reset is initiated, but 
must be brought to a HIGH state tpRss and twRSS before 
the rising edge of RS. 

Write 

_A write cycle is initiated on the falling edge of the Write 
(W) pin. Data setup and hold times must be observed on 
the data-in (Do ~ Da) pins. A write operation is only 
possible If the FIFO is not full, (i.e. the Full flag pin is 
HIGH). Writes may occur Independently of any ongoing 
read operations. 

At the falling edge of the first write after the memory Is 
half filled, the Half-Full flag will be asserted (HF = LOW) 
and will remain asserted until the difference between the 
write pointer and read pointer indicates that the remaining 
data In the device Is less than or equal to one-half the total 
capacity of the FIFO. The Half-Full flag Is deasserted 
(HF = HIGH) by the appropriate rising edge of R. 

The Full flag is asserted (FF = LOW) at the falling edge 
of the write operation which fills the last available location 
in the FIFO memory array. The Full flag will inhibit further 
writes until cl^red by a valid read. The Full flag is 
deasserted (FF = HIGH) after the next rising edge of R 
releases another memory location. 

Read 

_ A read cycle is initiated on the falling edge of the Read 
(R) pin. Read data becomes valid on the d^a out (Qo-Qs) 
pins after a time tA from the falling edge of R. After B goes 
HIGH, the data out pins return to a high-impedance state. 
Reads may occur Independent of any ongoing write 
operations. A read is only possible if the FIFO is not empty 
(EF = HIGH). 


The Internal read and write address pointers are main¬ 
tained by the device such that consecutive read opera¬ 
tions will access data in the same order as it was written. 
The Empty flag Is asserted (EF = LOW) after the falling 
edge of R which accesses the last available data In the 
FIFO memory. EF js deasserted (EF = HIGH) after the 
next rising edge of W loads another word of valid data. 

Data Flow-Through 

Read flow-through mode occurs when the Read (R) 
pin is brought LOW while the FIFO is empty, and held 
LOW in anticipation of a write cycle. At the end of the next 
write cycle, the Empty flag will be momentarily deas¬ 
serted, and the data just written will become available on 
the data out pins after a maximumjime of twEF + tA. 
Additional writes may occur while the R pin remains LOW, 
but only data from the first write flows through to the 
outputs. Additional data, if any, can only be accessed by 
toggling R. 

Write flow-through mode occurs when the Write (W) 
pin is brought LOW while the FIFO is full, and held LOW 
In anticipation of a read cycle. At the end of the read cycle, 
the Full flag will be momentarily deserted, but then 
immediately reasserted in response to W hejd LOW. Data 
is written into the FIFO on the rising edge of W which may 
occur tRFF + twpw after the read. 

Retransmit 

The FIFO can be made to reread previously read data 
through the retransmit function. Retransmit is initiated by 
pulsing RT LOW. This resets the internal read address 
pointer to the first physical location in the memory while 
leaving the internal write address pointer unchanged. 
Data between the read and write pojnters may be re¬ 
accessed by subsequent reads. Both R and W must be 
inactive (HIGH) during the retransmit pulse. Retransmit 
Is useful if no more than 2048 writes are performed 
between resets. Retransmit may affect the status of EF, 
HF, and FF flags, depending on the relocation of the read 
pointer. This function Is not available in depth expansion 
mode. 
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TIMING DIAGRAMS (cont’d) 



Figure 14. Retransmit Timing 



Figure 15. Expansion Out Timing 
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Figure 16. Expansion In Timing 


5-74 


SHARR 




CMOS 2K X 9 FIFO 


LH5498 


OPERATIONAL MODES 

Single Device Configuration 

When depth expansion is not required for the given 
application, the devic^ placed in Single mode by tying 
the Expansion In pin (XI) to ground. This pin is internally 
sampled during reset. 


Width Expansion 

Word-width expansion is implemented by placing mul¬ 
tiple LH5498 devices in parallel. Each LH5498 should be 
configured for standalone mode. In this arrangement, the 
behavior of the status flags is identical for all devices; so, 
In principle, a representative value for each of these flags 
could be derived from any one device. In practice, it is 
better to derive ‘composite’ flag values using external 
logic, since there may be minor speed variations between 
different actual devices. (See Figures 17 and 18.) 
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Figure 17. Single FIFO (2K x 9) 



Figure 18. FIFO Width Expansion (2K x 18) 
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OPERATIONAL MODES (cont’d) 

Depth Expansion 

Depth expansion is implemented by configuring the 
required number of FIFOs in Expansion mode. In this 
arrangement, the FIFOs are connected in a circular fash¬ 
ion with the Expansion Out pin (XO) of each device tied 
to the Expansion In pin (Xl) of the next device. One FIFO 
in this group must be designated as the first load d^ice. 
This is accomplished by tying the First Load pin (FL) of 
this device to ground. All other devicesjriust have their 
FL pin tied to a high level. In this mode, W and R signals 


are shared by all devices, while internal logic controls the 
steering of data. Only one FIFO will be enabled for any 
given read cycle, so the common Data Out pins of all 
devices are wire-ORed together. Likewise, the common 
Data In pins of all devices are tied together. 

In Expansion mode, external logic is required to gen¬ 
erate a composite Full or Empty flag. This is achieved by 
ORing the FF pins of all devices and ORing the EF pins 
of all devices respectively. The Half-Full flag and 
Retransmit functions are not available in Depth Expan¬ 
sion mode. 
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Figure 19. FIFO Depth Expansion (6144 x 9) 
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OPERATIONAL MODES (cont’d) LH5498 devices in parallel but opposite directions. The 

. Data In pins of a device may be tied to the corresponding 

Compound Expansion another device operating In the opposite 

A combination of width and depth expansion can be direction to form a single bidirectional bus Interface. Care 

easily implemented by operating groups of depth must be taken to assure that the appropriate read, write 

expanded FIFOs in parallel. and flag signals are routed to each system. Both depth 

. and width expansion may be used in this configuration. 

Bidirectional Operation 

Applications which require bidirectional data buffering 
between two systems can be realized by operating 



Figure 20. Compound FIFO 



Figure 21. Bidirectional FIFO 
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ORDERING INFORMATION 



Example: LH5498U-25 (CMOS 2K x 9 FIFO, 32-pin PLCC, 25 ns) 

__5498MD 
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FEATURES 

• Fast Access Times: 20/25/35/50/65/80 ns 

• Full CMOS Dual Port Memory Array 

• Fully Asynchronous Read and Write 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Read Retransmit Capability 

• TTL Compatible I/O 

• Packages: 

28-Pin, 600-mil DIP 
32-Pin PLCC 

• Pin and Functionally Compatible 
with IDT7204 

FUNCTIONAL DESCRIPTION 

The LH5499 is a dual port memory with internal 
addressing to implement a First-In, First-Out algorithm. 
Through an advanced dual port architecture, it provides 
fully asynchronous read/write operation. Empty, Full, and 
Half-Full status flags are provided to prevent data over¬ 
flow and underflow. Internal logic is provided for unlimited 
expansion in both word size and depth. 

Read and Write operations automatically access 
sequential locations in memory in such a way that data is 
read out in the same order that it was written, that is on a 
First-In, First-Out basis. Since the address sequence is 
internally predefined, no external address information is 
required for the operation of this device. A ninth data bit 
is provided for parity or control information often needed 
in communication applications. 

Empty, Full, and Half-Full status flags monitor the 
extent to which data has been written into the FIFO, and 
prevent improper operations (i.e.. Read If the FIFO is 
empty, or Write if the FIFO is full). A retransmit feature 
resets the Read address pointer to its Initial position, 
thereby allowing repetitive readout of the same data. 
Expansion In and Expansion out pins implement an 
expansion scheme that allows individual FIFOs to be 
cascaded to greater depth without incurring additional 
latency (bubblethrough) delays. 


PIN CONNECTIONS 


TOP VIEW 

^ VcQ 

□ D 4 

□ Ds 

□ De 

□ D7_ 

□ FL7RT 

□ ^ 

□ EF 

□ XO/iHF 

□ Q 7 
I] Q0 

□ Qs 

□ Q 4 

□ r 


5499-1D I 


Figure 1. Pin Connections for PDIP Package 



Figure 2. Pin Connections for PLCC Package 


28-PIN PDIP 


WC 
Ds d 
D3 d 
D2 d 
Did 
Dq d 

x\ d 
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21 

20 
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16 
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Figure 3. LH5499 Block Diagram 


PIN DESCRIPTIONS 


PIN 

PIN TYPE * 

DESCRIPTION 

Do-Ds 

1 

Input Data Bus 

Qo-Qs 

on 

Output Data Bus 

W 

1 

Write Request 

R 

1 

Read Request 

EF 

0 

Empty Flag 

FF 

0 

Full Flag 


* I = Input, O = Output, Z = High-Impedance, V = Power Voltage Level 


PIN 

PIN TYPE* 

DESCRIPTION 

)^/HF 

0 

Expansion Out/Half-Full Flag 

X\ 

1 

Expansion in 

FUm 

1 

First Load/Retransmit 

RS 

1 

Reset 

Vcc 

V 

Positive Power Supply 

Vss 

V 

Ground 
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ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Supply Voltage to Vss Potential 

-0.5 V to 7 V 

Signal Pin Voltage to Vss Potential ^ 

-0.5 V to Vcc + 0.5 V (not to exceed 7 V) 

DC Output Current ^ 

±50 mA 

Storage Temperature Range 

-65°C to 150°C 

Power Dissipation (Package Limit) 

1.0W 

DC Voltage Applied to Outputs In High-Z State 

-0.5 V to Vcc + 0.5 V (not to exceed 7 V) 


NOTES: 


1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the ‘Operating Range’ of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

3. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 

OPERATING RANGE 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Ta 

Temperature, Ambient 

0 

70 

°C 

Vcc 

Supply Voltage 

4.5 

5.5 

V 

Vss 

Supply Voltage 

0 

0 

V 

ViL 

Logic ‘0’ Input Voltage ^ 

-0.5 

0.8 

V 

ViH 

Logic ‘1 ’ Input Voltage 

2.0 

Vcc + 0.5 

V 


NOTE: 

1. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

III 

Input Leakage Current 

Vcc = 5.5 V, V|N = 0 V to Vcc 

-10 

10 

mA 

Ilo 

Output Leakage Current 

R > V|H, 0 V < VoUT ^ Vcc 

-10 

10 

pA 

VOH 

Output High Voltage 

lOH = -2.0 mA 

2.4 


V 

VoL 

Output Low Voltage 

lOL = 8.0 mA 


0.4 

V 

Icc 

Average Supply Current ^ 

Measured at f = 33 MHz 


110 

mA 

ICC2 

Average Standby Current ^ 

All Inputs = ViH 


15 

mA 

ICC3 

Power Down Current ^ 

All Inputs = Vcc - 0.2 V 


8 

mA 


NOTE: 

1. Icc, Icc 2 , and Icc 3 are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

VSS to 3 V 

Input Rise and Fall Times (10% to 90%) 

5 ns 

Input Timing Reference Levels 

1.5 V 

Output Reference Levels 

1.5 V 

Output Load, Timing Tests 

Figure 4 


CAPACITANCE 


PARAMETER 

RATING 

CiN (Input Capacitance) 

5pF 

Gout (Output Capacitance) 

7pF 


DEVICE 

UNDER 

TEST 


+5V 


1.1 kSl 

680 



30 pF* 


* INCLUDES JIG & SCOPE CAPACITANCES 


5499-4 


Figure 4. Output Load Circuit 


NOTES: 

1. Sample tested only. 

2. Capacitances are maximum values at 25°C measured at 1.0 MHz with Vin = 0 V, 
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AC ELECTRICAL CHARACTERISTICS ^ (Over Operating Range) 


SYMBOL 

PARAMETER 

tA = 20 ns 

tA = 25 ns 

tA = 35 ns 

tA = 50 ns 

tA = 65 ns 

tA = 80 ns 

UNITS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

READ CYCLE TIMING 

tRC 

Read Cycle Time 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

- 

ns 

tA 

Access Time 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

ns 

tRR 

Read Recover Time 

10 

- 

10 

- 

10 

- 

15 

- 

15 

- 

15 

- 

ns 

tRPW 

Read Pulse Width ^ 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tRLZ 

Data Bus Active from Read LOW^ 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

10 

- 

ns 

tWLZ 

Data Bus Active from Write HIGH 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

20 

- 

ns 

tov 

Data Valid from Read Pulse HIGH 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tRHZ 

Data Bus High-Z from Read HIGH ^ 

- 

15 

- 

15 

- 

15 

- 

20 

- 

30 

- 

30 

ns 

WRITE CYCLE TIMING 

twc 

Write Cycle Time 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

- 

ns 

tWPW 

Write Pulse Width ^ 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tWR 

Write Recovery Time 

10 

- 

10 

- 

10 

- 

15 

- 

15 

- 

15 

- 

ns 

tDS 

Data Setup Time 

10 

- 

10 

- 

15 

- 

20 

- 

20 

- 

20 

- 

ns 

tDH 

Data Hold Time 

0 

~ 

0 

- 

0 

- 


- 

5 

- 

5 

- 

ns 

RESET TIMING 

tRSC 

Reset Cycle Time 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

- 

ns 

tRS 

Reset Pulse Width ^ 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tRSR 

Reset Recovery Time 

10 

- 

10 

- 

10 

- 

15 

- 

15 

- 

15 

- 

ns 

tRRSS 

Read HIGH to RS HIGH 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tWRSS 

Write HIGH to RS HIGH 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

RETRANSMITTIMING ^ 

tRTC 

Retransmit Cycle Time 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

- 

ns 

tRT 

Retransmit Pulse Width ^ 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

- 

ns 

tRTR 

Retransmit Recovery Time 

10 

- 

10 

- 

10 

- 

15 

- 

15 

- 

15 

_ 

ns 

FLAG TIMING 

tEFL 

Reset LOW to Empty Flag LOW 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

ns 

tHFH,FFH 

Reset LOW to Half-Full and Full 
Flags HIGH 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

ns 

tREF 

Read LOW to Empty Flag LOW 

- 

25 

- 

25 

- 

35 

- 

45 

- 

60 

- 

60 

ns 

tRFF 

Read HIGH to Full Flag HIGH 

- 

25 

- 

25 

- 

35 

- 

45 

- 

60 


60 

ns 

tWEF 

Write HIGH to Empty Flag HIGH 

- 

25 

- 

25 

- 

35 

- 

45 

- 

60 

- 

60 

ns 

tWFF 

Write LOW to Full Flag LOW 

- 

25 

- 

25 

- 

35 

- 

45 

- 

60 

- 

60 

ns 

tWHF 

Write LOW to Half-Full Flag LOW 

- 

30 

- 

35 

- 

45 

- 

65 

- 

80 

- 

100 

ns 

tRHF 

Read HIGH to Half-Full Flag HIGH 

- 

30 

- 

35 

_ 

45 

_ 

65 

- 

80 

- 

100 

ns 

EXPANSION TIMING 

tXOL 

Expansion Out LOW 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

ns 

txOH 

Expansion Out HIGH 

- 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 

ns 

txi 

Expansion In Pulse Width 

20 

- 

25 

- 

35 

- 

50 

- 

65 

- 

80 


ns 

txIR 

Expansion In Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

txis 

Expansion in Setup Time 

10 

- 

10 

- 

15 

- 

15 

- 

15 

- 

15 

- 

ns 


NOTES: 

1. All timing measurements performed at ‘AC Test Condition’ levels. 

2. Pulse widths less than minimum value are not allowed. 

3. Values guaranteed by design not currently tested. 

4. Only applies to read data fiow-through mode. 

5. See also Note 3, Figure 13. 
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OPERATIONAL DESCRIPTION 

Reset 

The device is reset whenever the Reset pin (RS) is 
taken to a LOW state. The reset operation initializes both 
the read and write a^ress pointers to the first memory 
location. The XI and FL pins are also sampled at this time 
to determine whether the device is in Single mode or 
Depth Expansion mode. A reset pulse is r^uired when 
the device is first powered up. The Read (R) and Write 
(W) pins may be in any state when reset is initiated, but 
must be brought to^ HIGH state tppw and twpw before 
the rising edge of RS. 

Write 

_A write cycle is initiated on the falling edge of the Write 
(W) pin. Data setup and hold times must be observed on 
the data in (Do - Ds) pins. A write operation is only 
possible If the FIFO is not full, (i.e. the Full flag pin is 
HIGH). Writes may occur independently of any ongoing 
read operations. 

At the falling edge of the first write after th^emory is 
half filled, the Half-Full flag will be asserted (HF = LOW) 
and will remain asserted until the difference between the 
write pointer and read pointer indicates that the remaining 
data in the device is less than or equal to one half the total 
capadty of the FIFO. The Half-Full flag is disserted 
(HF = HIGH) by the appropriate rising edge of R. 

The Full flag is asserted (FF = LOW) at the falling edge 
of the write operation which fills the last available location 
in the FIFO memory array. The Full flag will Inhibit further 
writes until cleared by a valid read. The Full flag is 
deasserted (FF = HIGH) after the next rising edge of R 
releases another memory location. 

Read 

_ A read cycle is initiated on the falling edge of the Read 
(R) pin. Read data becomes valid on the d^a out (QcH^a) 
pins after a time tA from the falling edge of R. After R goes 
HIGH, the data out pins return to a high-impedance state. 
Reads may occur independent of any ongoing write 
(^rations. A read Is only possible if the FI FO is not empty 
(EF = HIGH). 


The internal read and write address pointers are main¬ 
tained by the device such that consecutive read opera¬ 
tions will access data in the same order as it was written. 
The Empty flag is asserted (£E = LOW) after the falling 
edge of R which accesses the last available data in the 
FIFO memory. EFJs deasserted (EF = HIGH) after the 
next rising edge of W loads another word of valid data. 

Data Flow-Through 

Read flow-through mode occurs when the Read (R) 
pin is brought LOW while the FIFO Is empty, and held 
LOW in anticipation of a write cycle. At the end of the next 
write cycle, the Empty flag will be momentarily de-as- 
serted, and the data just written will become available on 
the data out pins after a maximumjime of fwEF + tA. 
Additional writes may occur while the R pin remains LOW, 
but only data from the first write flows through to the 
outputs. Additional data, if any, can only be accessed by 
toggling R. 

Write flow-through mode occurs when the Write (W) 
pin is brought LOW while the FIFO is full, and held LOW 
in anticipation of a read cycle. At the end of the read cycle, 
the Full flag will be momentarily de^serted, but then 
Immediately reasserted in response to W hejd LOW. Data 
is written into the FIFO on the rising edge of W which may 
occur tRFF + twpw after the read. 

Retransmit 

The FIFO can be made to reread previously read data 
through the retransmit function. Retransmit is initiated by 
pulsing RT LOW. This resets the Internal read address 
pointer to the first physical location In the memory while 
leaving the Internal write address pointer unchanged. 
Data between the read and write pointers may be reac¬ 
cessed by subsequent reads. Both R and W must be 
inactive (HIGH) during the retransmit pulse. Retransmit 
is useful if no more than 4096 writes are performed 
between resets. Retransmit may affect the status of EF, 
HF, and FF flags, depending on the relocation of the read 
pointer. This function is not available in depth expansion 
mode. 
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TIMING DIAGRAMS (cont’d) 


LAST WRITE 

FIRST READ 


Figure 7. 

Full Flag from Last Write to First Read 

LAST READ 

1 FIRST WRITE 


Figure 8. Empty Flag from Last Read to First Write 
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TIMING DIAGRAMS (cont’d) 


\ i 

1 - 

tpPE 








twEF 

tpEF 


twLZ 

/T 

U 

-msrT\ /- 


VALID DATA OUT 


NOTES: 

1 ■ tpPE = tpPW 

2. tqpEi Effective Read Pulse Width after Empty Flag HIGH. 


Figure 9. Read Data Flow-Through 



NOTES: 

1. twpF = twpw 

2. twpp: Effective Write Pulse Width after Full Flag HIGH. 


Figure 10. Write Data Flow-Through 
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TIMING DIAGRAMS (cont’d) 



Figure 14. Retransmit Timing 


WRITE TO LAST 



^ ^\/ 

_ 5499-15 

Figure 15. Expansion Out Timing 



Figure 16. Expansion In Timing 
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OPERATIONAL MODES 

Single Device Configuration 

When depth expansion is not required for the given 
application, the devic^ placed in Single mode by tying 
the Expansion In pin (XI) to ground. This pin is internally 
sampled during reset. 


Width Expansion 

Word-width expansion is implemented by placing mul¬ 
tiple LH5499 devices In parallel. Each LH5499 should be 
configured for standalone mode. In this arrangement, the 
behavior of the status flags is identical for all devices; so, 
in principle, a representative value for each of these flags 
could be derived from any one device. In practice, it is 
better to derive ‘composite’ flag values using external 
logic, since there may be minor speed variations between 
different actual devices. (See Figures 17 and 18.) 
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Figure 17. Single FIFO (4K x 9) 



Figure 18. FIFO Width Expansion (4K x 18) 
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OPERATIONAL MODES (cont’d) 

IDepth Expansion 

Depth expansion is implemented by configuring the 
required number of FIFOs In Expansion mode. In this 
arrangement, the FIFOs are connected In a circular fash¬ 
ion with the Expansion Out pin (XO) of each device tied 
to the Expansion In pin (XI) of the next device. One FIFO 
in this group must be designated as the first load device. 
This is accomplished by tying the First Load pin (FL) of 
this device to ground. All other devicesjriust hjve their 
FL pin tied to a high level. In this mode, W and R signals 


are shared by all devices, while internal logic controls the 
steering of data. Only one FIFO will be enabled for any 
given read cycle, so the common Data Out pins of all 
devices are wire-ORed together. Likewise, the common 
Data In pins of all devices are tied together. 

In Expansion mode, external logic Is required to gen¬ 
erate a composite Full or Empty flag. This is achieved by 
ORIng the FF pins of all devices and ORIng the EF pins 
of all devices respectively. The Half-Full flag and 
Retransmit functions are not available In Depth Expan-' 
Sion mode. 



5499-191 


Figure 19. FIFO Depth Expansion (12288 x 9) 
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OPERATIONAL MODES (cont’d) LH5499 devices in parallel but opposite directions. The 

. Data In pins of a device may be tied to the corresponding 

Compound Expansion another device operating in the opposite 

A combination of width and depth expansion can be direction to form a single bidirectional bus Interface. Care 

easily implemented by operating groups of depth must be taken to assure that the appropriate read, write 

expanded FIFOs in parallel. and flag signals are routed to each system. Both depth 

... . and width expansion may be used in this configuration. 

Bidirectional Operation 

Applications which require bidirectional data buffering 
between two systems can be realized by operating 



Figure 20. Compound FIFO 



Figure 21. Bidirectional FIFO 
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FEATURES 

• Fast Cycle Times: 25/30/35 ns 

• Two 256 X 36-bit FIFO Buffers 

• Full 36-bit Word Width 

• Selectable 36/18/9-bit 
Word Width on Port B 

• Independently-Synchronized (‘Fully 
Asynchronous’) Operation of Port A and 
PortB 

• ‘Synchronous’ Enable-Plus-Clock Control 
at Both Ports 

• R/W, Enable, Request, and Address 
Control Inputs are Sampled on the Rising 
Clock Edge 

• Synchronous Request/Acknowledge 
‘Handshake’ Capability; Use is Optional 

• Device Comes Up Into a Known Default 
State at Reset; Programming Is Allowed, 
but is not Required 

• Asynchronous Output Enables 

• Five Status Flags per Port: Full, 
Almost-Full, Half-Full, Almost-Empty, and 
Empty 

• Almost-Full Flag and Almost-Empty Flag 
are Programmable 

• Mailbox Registers with 
Synchronized Flags 

• Data-Bypass Function 

• Data-Retransmit Function 

• Automatic Byte Parity Checking 

• TTLVCMOS-Compatible I/O 

• Space-Saving PQFP and PGA Packages 

• Mosel MS76542-SSFC is Pin-Compatible 
and Functionally Equivalent 


FUNCTIONAL DESCRIPTION 

The LH5420 contains two FIFO buffers, FIFO #1 and 
FIFO #2. These operate in parallel, but in opposite direc¬ 
tions, for bidirectional data buffering. FIFO #1 and FIFO 
#2 each are organized as 256 words by 36 bits. The 
LH5420 is ideal either for wide unidirectional applications 
or for bidirectional data applications; component count 
and board area are reduced. 

The LH5420 has two 36-bit ports. Port A and Port B. 
Each port has Its own port-synchronous clock, but the two 
ports may operate asynchronously relative to each other. 
Data flow is initiated at a port by the rising edge of the 
appropriate clock; it Is gated by the corresponding edge- 
sampled enable, request, and read/write control signals. 
At the maximum operating frequency, the clock duty cycle 
may vary from 40% to 60%. At lower frequencies, the 
clock waveform may be quite asymmetric, as long as the 
minimum pulse-width conditions for clock-HIGH and 
clock-LOW remain satisfied; the LH5420 Is a fully-static 
part. 

Conceptually, the port clocks CKa and CKb are free- 
running, periodic ‘clock’ waveforms, used to control other 
signals which are edge-sampled. However, there actually 
is not any absolute requirement that these ‘clock wave¬ 
forms must be periodic. An ‘asynchronous’ mode of op- 
eration Is possible, in one or both directions, 
independently, if the appropriate enable and request in¬ 
puts are continuously asserted, and enough aperiodic 
‘clock’ pulses of suitable duration are generated by exter¬ 
nal logic to cause all necessary actions to occur. 

Asynchronous request/acknowledge handshake facil¬ 
ity is provided at each port for FIFO data access. This 
request/ acknowledge handshake resolves FIFO full and 
empty boundary conditions, when the two ports are oper¬ 
ated asynchronously relative to each other. 

FIFO status flags monitor the extent to which each 
FIFO buffer has been filled. Full, Almost-Full, Half-Full, 
Almost-Empty, and Empty flags are included for each 
FIFO. The Almost-Full and Almost-Empty flags are pro¬ 
grammable over the entire FIFO depth, but are automat¬ 
ically initialized to eight locations from the respective FI FO 
boundaries at reset. A data block of 256 or fewer words 
may be retransmitted any desired number of times. 

Two mailbox registers provide a separate path for 
passing control words or status words between ports. 
Each mailbox has a New-Mail-Alert Flag, which is syn¬ 
chronized to the reading port’s clock. This mailbox func¬ 
tion facilitates the synchronization of data transfers 
between asynchronous systems. 
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FUNCTIONAL DESCRIPTION (cont’d) 

Data-bypass mode allows Port A to directly transfer 
data to or from Port B at reset. In this mode, the device 
acts as a registered transceiver under the control of 
Port A. For instance, a master processor on Port A can 
use the data bypass feature to send or receive initializa¬ 
tion or configuration information directly, to or from a 
peripheral device on Port B, during system startup. 


A word-width-select option is provided on Port B for 
36-bit, 18-bit, or 9-bit data access. This feature allows 
word-width matching between Port A and Port B, with no 
additional logic needed. It also ensures maximum utiliza¬ 
tion of bus bandwidths. 

A Byte Parity Check Flag at each port monitors data 
integrity. Control-Register bit 00 selects the parity mode, 
odd or even. This bit is initialized for odd data parity at 
reset; but it may be reprogrammed for even parity, or back 
again to odd parity, as desired. 


PIN CONNECTIONS 



Figure 1. Pin Connections for 132-Pin Quad Flat Package 
(TOP VIEW) 
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Figure 2. Pin Connections for 126-Pin PGA Package 
(Bottom View) 
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Figure 3. Pin Connections for 120-Pin PGA Package 
(Top View) 
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PIN LIST 


SIGNAL 

NAME 

PQFP 

PIN NO. 

PGA 

PIN NO. 

Aoa 

1 

A7 

Aia 

2 

B7 

A 2 A 

3 

A6 

OEa 

4 

A5 

FFi 

6 

A4 

AFi 

7 

B6 

HFi 

8 

A3 

PFa 

9 

B5 

Di 7 A 

10 

B4 

Di 6 A 

11 

C5 

Di 5 A 

12 

A2 

Di 4 A 

14 

B3 

Di 3 A 

15 

C4 

Di 2 A 

16 

A1 

Diia 

17 

C3 

Dioa 

19 

B2 

Dqa 

20 

D2 

Dsa 

21 

C2 

Dza 

23 

B1 

D 6 A 

24 

E2 

Dsa 

25 

Cl 

D 4 A 

27 

D1 

Dsa 

28 

F3 

D 2 A 

29 

El 

Dia 

31 

F2 

Doa 

32 

FI 

RS 

33 

G3 


34 

G1 

Dob 

35 

G2 

Dib 

36 

HI 

D2B 

37 

H2 

D 3 B 

39 

J1 

D 4 B 

40 

H3 

Dsb 

41 

K1 

Dob 

43 

LI 

Dtb 

44 

J2 

Dsb 

45 

Ml 

Dob 

47 

L2 

Diob 

48 

K2 

Diib 

49 

M2 

Di 2 B 

51 

L3 

Di 3 B 

52 

N1 

Di 4 B 

53 

U 

Di 5 B 

54 

N2 


SIGNAL 

NAME 

PQFP 

PIN NO. 

PGA 

PIN NO. 

Di 6 B 

56 

M3 

Di 7 B 

57 

L5 

MBFi 

58 

N3 


59 

M5 

EFi 

60 

M4 

ACKb 

61 

N4 

REQb 

63 

N5 

ENb 

64 

M6 

R/Wb 

65 

N6 

CKb 

66 

L7 

Aob 

67 

N7 

WSo 

68 

M7 

WSi 

69 

N8 

OEb 

70 

N9 

FF2 

72 

N10 

AF2 

73 

M8 

HF2 

74 

Nil 

^B 

75 

M9 

Di 8 B 

76 

N12 

Di 9 B 

77 

L9 

D20B 

78 

Mil 

D21B 

80 

N13 

D22B 

81 

M10 

D23B 

82 

M12 

D 24 B 

83 

L10 

D 25 B 

85 

L11 

D26B 

86 

K12 

D 27 B 

87 

LI 2 

D28B 

89 

M13 

D29B 

90 

J12 

D3OB 

91 

LI 3 

D3IB 

93 

K13 

D32B 

94 

H11 

D33B 

95 

J13 

D34B 

97 

H12 

D35B 

98 

H13 

^2 

100 

G 12 

D35A 

101 

F11 

D34A 

102 

G13 

D33A 

103 

FI 3 

D32A 

105 

F12 

D3IA 

106 

E12 

D30A 

107 

E13 

D 29 A 

109 

D13 


SIGNAL 

NAME 

PQFP 

PIN NO. 

PGA 

PIN NO. 

D28A 

110 

D12 

D 27 A 

111 

C13 

D26A 

113 

C12 

D 25 A 

114 

B12 

D 24 A 

115 

B13 

D 23 A 

117 

C11 

D22A 

118 

A13 

D2IA 

119 

CIO 

D20A 

120 

A12 

Di9A 

122 

B11 

Di8A 

123 

C9 

MBF 2 

124 

All 

AE2 

125 

B9 

EF2 

126 

BIO 

ACKa 

127 

A10 

REQa 

129 

A9 

ENa 

130 

B8 

R/Wa 

131 

A8 

CKa 

132 

C7 

Vcc 

5 

C6 

VSSA 

13 

E3 

VCCA 

18 

D3 

VsSA 

22 

E3 

VcCA 

26 

D3 

VsSA 

30 

E3 

VSSB 

38 

J3 

VCCB 

42 

K3 

VsSB 

46 

J3 

VcCB 

50 

K3 

VsSB 

55 

J3 

Vss 

62 

L6 

Vcc 

71 

L8 

VsSB 

79 

J11 

VcCB 

84 

K11 

VsSB 

88 

J11 

VcCB 

92 

K11 

VsSB 

96 

J11 

Vss 

99 

G11 

VsSA 

104 

Ell 

VcCA 

108 

Dll 

VsSA 

112 

Ell 

VcCA 

116 

Dll 

VsSA 

121 

Ell 

Vss 

128 

C8 
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PIN DESCRIPTIONS 


PIN 

PIN TYPE * 

DESCRIPTION 

GENERAL 

Vcc, Vss 

V 

Power, Ground 


I 

Reset 

PORTA 

CKa 

I 

Port A Free-Running Clock 

RWa 

I 

Port A Edge-Sampled Read/Write Control 

ENa 

I 

Port A Edge-Sampled Enable 

AoA, Aia, A2A 

I 

Port A Edge-Sampled Address Pins 

Ma 

I 

Port A Level-Sensitive Output Enable 

REQa 

I 

Port A Request/Enable 

^2 

I 

FIFO #2 Retransmit 

Doa-Dssa 

l/O/Z 

Port A Bidirectional Data Bus 

FFi 

0 

FIFO #1 Full Flag (Write Boundary) 


0 

FIFO #1 Programmable Almost-Full Flag (Write Boundary) 

HFi 

o 

FIFO#1 Half-Full Flag 

AE2 

0 

FIFO #2 Programmable Almost-Empty Flag (Read Boundary) 

^2 

o 

FIFO #2 Empty Flag (Read Boundary) 


o 

New-Mail-Alert Flag for Mailbox #2 

^A 

o 

Port A Parity Flag 

ACKa 

0 

Port A Acknowledge 

PORTS 

CKb 

I 

Port B Free-Running Clock 

FVWb 

I 

Port B Edge-Sampled Read/Write Control 

ENb 

I 

Port B Edge-Sampled Enable 

Aob 

I 

Port B Edge-Sampled Address Pin 

OEb 

I 

Port B Level-Sensitive Output Enable 

WSo, WSi 

I 

Port B Word-Width Select 

REQb 

I 

Port B Request/Enable 

Wfi 

I 

FIFO #1 Retransmit 

Dob - D35B 

l/O/Z 

Port B Bidirectional Data Bus 

FF2 

0 

FIFO #2 Full Flag (Write Boundary) 

^2 

0 

FIFO #2 Programmable Almost-Full Flag (Write Boundary) 

HF2 

0 

FIFO #2 Half-Full Flag 


0 

FIFO #1 Programmable Almost-Empty Flag (Read Boundary) 

EF1 

0 

FIFO #1 Empty Flag (Read Boundary) 


0 

New-Mail-Alert Flag for Mailbox #1 


0 

Port B Parity Flag 

ACKb 

0 

Port B Acknowledge 


* I = Input, O = Ou^ut, Z = High-Impedance, V = Power Voltage Level 


5-100 


SHARR 








256 X 36 X 2 Bidirectional FIFO 


LH5420 


ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Supply Voltage to Vss Potential 

-0.5 V to 7 V 

Signal Pin Voltage to Vss Potential ^ 

-0.5 VtoVcc + 0.5 V 

DC Output Current^ 

±40 mA 

Storage Temperature Range 

-65°C to 150°C 

Power Dissipation (Package Limit) 

2 Watts (Quad Flat Pack) 


NOTES: 

1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions outside those indicated in the ‘Operating Range’ 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

3. Negative undershoot of 1.5 V in amplitude is permitted for up to 10 ns, once per cycle. 

OPERATING RANGE 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Ta 

Temperature, Ambient 

0 

70 

OC 

Vec 

Supply Voltage 

4.5 

5.5 

V 

Vss 

Supply Voltage 

0 

0 

V 

ViL 

Logic LOW Input Voltage ^ 

-0.5 

0.8 

V 

ViH 

Logic HIGH Input Voltage 

2.2 

VCC + 0.5 

V 


NOTE: 

1. Negative undershoot of 1.5 V in amplitude Is permitted for up to 10 ns, once per cycle. 


DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 


SYMBOL 

PARAMETER 

— 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

Ili 

Input Leakage Current 

Vcc = 5.5 V, ViN = 0 V To Vec 

-10 

10 

HA 

Ilo 

I/O Leakage Current 

OE > ViH, 0 V < VoUT ^ Vcc 

-10 

10 

HA 

VoL 

Logic LOW Output Voltage 

lOL = 8.0 mA 


0.4 

V 

VOH 

Logic HIGH Output Voltage 

lOH = -2.0 mA 

2.4 


V 

Icc 

Average Supply Current ^ 

Measured at fc = max 


280 

mA 

ICC2 

Average Standby Supply Current ^ 

All Inputs = ViHMiN (Clock idle) 


30 

mA 

ICC3 

Power-Down Supply Current ^ 

All Inputs = Vcc - 0.2 V (Clock Idle) 


3 

mA 


NOTE: 

1 ■ Icc, Icc 2 , and Ices are dependent upon actual output loading, and Ice is also dependent on cycle rates. Specified values are with outputs open; 
and, for Icc, operating at minimum cycle times. 
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AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

Vss to 3 V 

Input Rise and Fall Times 
(10% to 90%) 

5 ns 

Output Reference Levels 

1.5 V 

Input Timing Reference Levels 

1.5 V 

Output Load, Timing Tests 

Figure 5 


CAPACITANCE 


PARAMETER 

RATING 

CiN (Input Capacitance) 

8pF 

Gout (Output Capacitance) 

8pF 


+5V 



* INCLUDES JIG AND SCOPE CAPACITANCES 5420.7 

Figure 5. Output Load Circuit 


NOTES: 

1 . Sample tested only. 

2. Capacitances are maximum values at 25°C, measured at 1.0 MHz, with Vin = 0 V. 


5-102 


SHARR 







256 X 36 X 2 Bidirectional FIFO 


LH5420 


AC ELECTRICAL CHARACTERISTICS ^ (Vcc = 5 V ± 1 0%, Ta = 0°C to 70°C) 


SYMBOL 

DECRIPTION 

-25 

-30 

-35 

UNITS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

fee 

Clexjk Cycle Frequency 

— 

40 

— 

33 

— 

28.5 

MHz 

tee 

Clcx:k Cycle Time 

25 

— 

30 

— 

35 

— 

ns 

ten 

Clock HIGH Time 

10 

— 

12 

— 

15 

— 

ns 

teL 

Clock LOW Time 

10 

— 

12 

— 

15 

— 

ns 

tDS 

Data Setup Time 

12 

— 

13 

— 

15 

— 

ns 

tOH 

Data Hold Time 

0 

— 

0 

— 

0 

— 

ns 

tES 

Enable Setup Time 

13 

— 

15 

— 

15 

— 

ns 

tEH 

Enable Hold Time 

0 

— 

0 

— 

0 

— 

ns 

tRWS 

Read/Write Setup Time 

13 

— 

15 


18 

— 

ns 

tRWH 

Read/Write Hold Time 

0 

— 

0 

— 

0 

— 

ns 

tRQS 

Request Setup Time 

15 

— 

18 

— 

21 

— 

ns 

tRQH 

Request Hold Time 

0 

— 

0 

— 

0 

— 

ns 

tAS 

Address Setup Time ® 

15 


18 

— 

21 

— 

ns 

tAH 

Address Hold Time ® 

0 

— 

0 

— 

0 

— 

ns 

tA 

Data Output Access Time 

— 

16 

— 

20 

— 

25 

ns 

tAeK 

Acknowledge Access Time ® 

— 

— 

— 

20 

— 

25 

ns 

tOH 

Output Hold Time 

4 

— 

5 

— 

5 

— 

ns 

tzx 

Output Enable Time, OE LOW to Do - D 35 Low-Z^ 

5 

— 

5 

— 

5 

— 

ns 

txz 

Output Disable Time, OE HIGH to Do - D 35 High-Z ^ 


15 

— 

20 

— 

25 

ns 

tEF 

Clock to EF Flag Valid (Empty Flag) 


22 

— 

25 

— 

30 

ns 

tFF 

Clock to FF Flag Valid (Full Flag) 

— 

22 

— 

25 

— 

30 

ns 

tHF 

Clock to HF Flag Valid (Half-Full) 

— 

22 

— 

25 

— 

30 

ns 

tAE 

Clock to AE Flag Valid (Almost-Empty) 

— 

20 

— 

25 

— 

30 

ns 

tAF 

Clock to AF Flag Valid (Almost-Full) 

— 

20 

— 

25 

— 

30 

ns 

tMBF 

Clock to Flag Valid (Mailbox Flag) 

— 

15 

— 

20 

— 

25 

ns 

tPF 

Data to Parity Flag Valid 

— 

17 

— 

20 

— 

25 

ns 

tRS 

Reset/Retransmit Pulse Width ^ 

40/25 

— 

52/30 

— 

65/35 

— 

ns 

tRSS 

Reset/Retransmit Setup Time ^ 

20 

— 

25 

— 

30 

— 

ns 

tRSH 

Reset/Retransmit Hold Time ^ 

10 

— 

15 

— 

20 

— 

ns 

tRF 

Reset LOW to Flag Valid 

— 

35 

— 

40 

— 

45 

ns 

tFRL 

First Read Latency ^ 

25 


30 

— 

35 

— 

ns 

tFWL 

First Write Latency ® 

25 

— 

30 

— 

35 


ns 

tBS 

Bypass Data Setup 

15 

— 

18 

— 

21 

— 

ns 

tBH 

Bypass Data Hold 

5 

— 

5 

— 

5 

— 

ns 

tBA 

Bypass Data Access 

— 

20 

— 

25 

— 

30 

ns 


NOTES: 

1. Timing measurements performed at ‘AC Test Condition’ levels. 

2. Values are guaranteed by design; not currently production tested. 

3. tpss and/or tpsH need not be met unless a rising edge of CKa occurs while ENa is being asserted, or else a rising edge of CKb occurs while ENb 
is being asserted. 

4. tpRL is the minimum first-write-to-first-read delay, following an empty condition, which is required to assure valid read data. 

5. tpwL is the minimum first-read-to-first-write delay, following a full condtion, which is required to assure successful writing of data. 

6. tAS, tAH address setup times and hold times need only be satisfied at clock edges which occur while the corresponding enables are being as¬ 
serted. 

7. First number used only when CKa or CKb is enabled; tps = tpss + tCH + tRSH. 

8. The REQ/ACK facility Is not available at cycle times less than 30 ns. 
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OPERATIONAL DESCRIPTION 

Reset 

The device is reset whenever the asynchronous Reset 
(RS) input is taken LOW. A reset operation is required 
after power-up, before the first write operation may occur. 
The LH5420 is fully ready for operation after being reset. 
No device programming is required if the default states 
described below are acceptable. 

A reset operation Initializes the read-address and 
write-address pointers for FIFO #1 and FIFO #2 to those 
FIFO’s first physical memory locations. If the respective 
outputs are enabled, the initial contents of these first 
locations appear at the outputs. FIFO and mailbox status 
flags are updated to indicate an empty condition, in 
addition, the programmable-status-flag offset values are 
initialized to eight. Thus, the AE 1 /AE 2 flags get asserted 
within eight locations of an empty condition, and the 
AF 1 /AF 2 flags likewise get asserted within eight locations 
of a full condition, for FIFO #1/FIFO #2 respectively. 

Bypass Operation 

During reset (whenever RS Is LOW) the device acts 
as a registered transceiver, bypassing the internal FIFO 
memories. Port A acts as the master port. A write or read 
operation on Port A during reset transfers data directly to 
or from Port B. Port B is considered to be the slave, and 
cannot perform write or read operations independently on 
its own during reset. 

The direction of the bypass data transmission is deter¬ 
mined by th RA/Va control input, which does not get 
overridden by the RS input. Here, a ‘write’ operation 
means passing data from Port A to Port B, and a ‘read’ 
operation means passing data from Port B to Port A. 

The bypass capability may be used to pass initializa¬ 
tion or configuration data directly between a master proc¬ 
essor and a peripheral device during reset. 

Address Modes 

Address pins select the device resource to be 
accessed by each port. Port A has three resource-regis¬ 
ter-select inputs, Aoa, Ai a, and A 2 A, which select between 
FIFO access, mailbox-register access, and flag-offset- 
value-programming operating mode. Port B has a single 
address Input, Aob, to select between FIFO access or 
mailbox-register access. 

The status of the resource-register-select inputs is 
sampled at the rising edge of an enabled clock (CKa or 
CKb). Resource-register select-input address definitions 
are summarized in Table 1. 


Table 1. Resource-Register Addresses 


A2A 

Aia 

Aoa 

RESOURCE 

PORTA 

H 

H 

H 

FIFO 

H 

H 

L 

Mailbox 

H 

L 

H 

^ 2 ,^ 2 , ^1,7^1 Flag 
Offset Registers 

H 

L 

L 

Control Register 

L 

H 

H 

Flag Offset Register 

L 

H 

L 

Flag Offset Register 

L 

L 

H 

AE 2 Flag Offset Register 

L 

L 

L 

AF 2 Flag Offset Register 

Aob 

RESOURCE 

PORTS 

H 

FIFO 

L 

Mailbox 


FIFO Write 

Port A writes to FIFO #1, and Port B writes to FIFO #2. A 
write operation is initiated on the rising edge of a dock (CKa 
or CKb) whenever: the appropriate enable (ENa or ENb) is 
held HIGH; the appropriate request (REQa or REQb) is held 
HIGH; the appropriate ReadA/Vrite control (RA/Va or RA/Vb) 
is held LOW; the FIFO address Is selected for the address 
Inputs (A 2 A - Aoa or Aob); and the prescribed setup times 
and hold times are observed for all of these signals. Setup 
times and hold times must also be observed on the data-bus 

pins (Doa - D 35 A or Dob - D 35 B). _ 

_jSlormally, the appropriate Output Enable signal (OEa or 

OEb) is HIGH, to disable the outputs at that port, so that the 
data word present on the bus from external sources gets 
stored. However, a ‘loopback* mode of operation also is 
possible, in which the data word supplied by the outputs of 
one internal FI FO is lumed around’ atthe port and read back 
Into the other FIFO. In this mode, the outputs at the port are 
not disabled. To remain within specification for all timing 
parameters, the Clock Cycle Frequency must be reduced 
slightly below the value which otherwise would be permis¬ 
sible for that speed grade of LH5420. 

When a FIFO full condition is reached, write operations 
are locked out. Following the first read operation from a 
full FIFO, another memory location is freed up, and the 
corresponding Full Flag is deasserted (FF = HIGH). The 
first write operation should begin no earlier than a First 
Write Latency (tpwL) after the first read operation from a 
full FIFO, to ensure that correct read data are retrieved. 


5-104 


SHARR 






256 X 36 X 2 Bidirectional FIFO 


LH5420 


OPERATIONAL DESCRIPTION (confd) 

FIFO Read 

Port A reads from FI FO #2, and Port B reads from FI FO 
#1. A read operation is initiated on the rising edge of a 
clock (CKa or CKb) whenever: the appropriate enable 
(ENa or ENb) is held HIGH; the appropriate request 
(REQa or REQb) Is lield HIGH; the appropriate 
Read/Write control (R/Wa or R/Wb) is held HIGH; 
the FIFO address Is selected for the address inputs 
(A2A-Aoa or Aob); and the prescribed setup times and 
hold times are observed for all of these signals. Read data 
becomes valid on the data-bus pins (Doa - D35A or 
Dob - D35b) by a time tA after the rising clock (CKa or 
CKb) edge, provided that the data outputs are enabled. 

OEa and OEb are assertive-LOW, asynchronous, Out¬ 
put Enable control input signals. Their effect Is only to 
enable or disable the output drivers of the respective port. 
Disabling the outputs does nof disable a read operation; 
data transmitted to the corresponding output register will 
remain available later, when the outputs again are en¬ 
abled, unless It subsequently is overwritten. 

When an empty condition is reached, read operations 
are locked out until a valid write operation(s) has loaded 
additional data into the FIFO. Following the first write to an 
empty FIFO, the corresponding empty flag (EF) will be 
deasserted (HIGH). The first read operation should begin 
no earlier than a First Read Latency (tpRL) after the first write 
to an empty FIFO, to ensure that correct read data is 
retrieved. 

Dedicated FIFO Status Flags 

Six dedicated FIFO status flags are included for Full 
(FFi^d f^), Half-Full (HFi and HF 2 ), and Empty (EFi 
and EF 2 ). FFi, HFi, and EFi indicate the status of FIFO 
#1; and FF 2 , HF 2 , and EF 2 indicate the status of FIFO #2. 

A Full Flag is asserted following the rising clock edge 
for a write operation that fills the FIFO. A Full Flag is 
deasserted following the falling clock edge for a read 
operation to a full FIFO. A Half-Full Flag Is updated 
following the rising clock edge of a read or write operation 
to a FIFO. An Empty Flag Is asserted following the rising 
clock edge for a read operation that empties the FIFO. An 
Empty Flag is deasserted following the falling clock edge 
for a write operation to an empty FIFO. 

Programmable Status Flags 

Four programmable FIFO status flags are provided, 
two for Almost-Full (AFi and AF 2 ), and two for Almost- 
Empty (AEi and AE 2 ). Thus, each port has two program¬ 
mable flags to monitor the status of the two internal FIFO 
buffer memories. The offset values for these flags are 
initialized to eight locations from the respective FIFO 
boundaries during reset, but can be reprogrammed over 
the entire FIFO depth. 

An Almost-Full Flag is asserted following the rising 
clock edge for a write operation that fills the FIFO. An 


Almost-Full Flag Is deasserted following the falling clock 
edge for a read operation to a full FIFO. An Almost-Empty 
Flag is asserted following the rising clock edge for a read 
operation that empties the FIFO. An Almost-Empty Flag 
is deasserted following the falling clock edge for a write 
operation to an empty FIFO. 

Flag offsets may be written or read through the Port A 
data bus. All four programmable FIFO status flag offsets 
can be set simultaneously through a single 36-bit status 
word; or, each programmable flag offset can be set 
individually, through one of four eight-bit status words. 
Table 3 illustrates the data format for flag-programming 
words, and Table 4 defines the meaning of each of the 
five flags. 

WARNING: Control inputs which may affect the compu¬ 
tation of flag values at a port generally should not change 
while the clock for that port is HIGH, since some updating 
of flag values takes place on the falling edge of the clock. 

Mailbox Operation 

Two mailbox registers are provided for passing system 
hardware or software control/status words between ports. 
Each port can read its own mailbox and write to the other 
port’s mailbox. Mailbox access is performed on the rising 
edge of the controlling FIFO’s clock, with the mailbox 
address selected and the enable (ENa or ENb) HIGH. 
That Is, writing to Mailbox Register #1, or reading from 
Mailbox Register #2, Is synchronized to CKa; and writing 
to Mailbox Register #2, or reading from Mailbox Register 
#1, is synchronized to CKb. 

The R/Wa/b and ^a/b pins control the direction and 
availability of mailbox-register accesses . Each mail box re g- 
Ister has Its own New-Mall-Alert Flag (MBFi and MBF 2 ), 
which is synchronized to the reading port’s clock. These 
New-Mail-Alert Flags are status Indicators only, and cannot 
Inhibit mailbox-register read or write operations. 

Request/Acknowledge Handshake 

Synchronous, request/acknowledge handshake fea¬ 
ture is provided for each port, to perform boundary syn¬ 
chronization between asynchronously-operated ports. It 
operates only during normal FIFO operation at that port. 
The use of this feature is optional. When it is used, the 
Request Input (REQa/b^ sampled at a rising clock edge. 
With REQa/b high, R/Wa/b determines whether a FIFO 
read operation or a FIFO write operation Is being re¬ 
quested. The Acknowledge output (ACKa/b) is updated 
during the following clock cycle(s). ACKa/b meets the 
setup and hold time requirements of the Enable Input 
(ENa or ENb). Therefore, ACKa/b may be tied back to the 
enable input to directly gate FIFO accesses, at a slight 
decrease In maximum operating frequency. 

The assertion of ACKa/b signifies that REQa/b was 
asserted. However, ACKa/b does not depend logically on 
ENa/b; and thus the assertion of ACKa/b does nof prove 
that a FIFO write access or a FIFO read access actually 
took place. While REQa/b and ENa/b are being held 
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OPERATIONAL DESCRIPTION (cont’d) 

HIGH, ACKa/b may be considered as a synchronous, 
predictive boundary flag. That is, ACKa/b acts as a syn¬ 
chronized predictor of the Almost-Full Flag AF for write 
operations, or as a synchronized predictor of the Almost- 
Empty Flag AE for read operations. 

Outside the ‘almost-fuir region and the ‘almost-empty* 
region, ACKa/b remains continuously HIGH whenever 
REQa/b is held continuously HIGH. Within the ‘almost-fuir 
region or the ‘almost-empt/ region, ACKa/b occurs only 
on every thirdcycle. Assuming that ACKa/b is being used 
to control ENa/b, this repetition-rate decrease can help to 
prevent an overrun of the FIFO’s actual full or empty 
boundaries, and to ensure that the tpwL (first write latency) 
and tpRL (first read latency) specifications are satisfi^ 
before ACKa/b is received. 

The ‘almost-full region’ Is defined as ‘that region, where 
the Almost-Full Flag is being asserted’; and the ‘almost- 
empty region’ as ‘that region, where the Almost-Empty 
Flag Is being asserted.’ Thus, the extent of these ‘almost* 
regions depends on how the system has programmed the 
offset values for the Almost-Full Flags and the Almost- 
Empty Flags. If the system has not programmed them, 
then these offset values remain at their default values, 
eight in each case. 

If a write attempt is unsuccessful because the corre¬ 
sponding FIFO is full, or if a read attempt is unsuccessful 
because the corresponding FIFO is empty, ACKa/b is not 
asserted in response to REQa/b. 

If the REQ/ACK handshake is not used, then the 
REQa/b input may be used as a second enable input, at 
a possible minor loss in maximum operating speed. In this 
case, the ACKa/b output may be Ignored. 

WARNING: Whether or not the REQ/ACK handshake is 
being used, the REQa/b input for a port must be asserted 
for the corresponding FIFO to operate. 

Data Retransmit 

A retransmit operation resets the read-address pointer of 
the corresponding FIFO (#1 or #2) back to the first FIFO 
physical memory location, so that data may be reread. The 
write pointer is not affected. The status flags are updated; 
and a block of up to 256 data words, which previously had 
been written into and read from a FIFO, can be retrieved. 
The block to be retransmitted is bounded by the first FIFO 
memory locatbn, and frie FIFO memory location addressed 
by the write pointer. FIFO #1 retransmit is initiated by 
strobing the RTi pin LOW. FIFO #2 retransmit Is initiated by 
strobing the RT 2 pin LOW. Read and write operations to a 
FIFO should be stopped while the corresponding Retrans¬ 
mit signal Is being asserted. 

Parity Check 

The Parity Check Flags, ^a and ^b, are asserted 
(LOW) whenever there is a parity error In the data word 
present on the Port A data bus or the Port B data bus 


respectively. The inputs to the parity-evaluation logic 
come directly (via isolation transistors) from the data-bus 
bonding pads, in each case. 

The four bytes of a 36-blt data word are grouped as 
Do - Ds, D 9 - Di7, Di8 - D 26 , and D 27 - D 35 . The parity of 
each nine-bit byte is individually checked, and the four 
single-bit parity indications are logically inclusive-ORed to 
produce the Parity-Flag output. Parity checking is Initialized 
for odd parity at reset, but can be reprogrammed for even 
parity or for odd parity during operation. 

All nine bits of each byte are treated alike by the parity 
logic. The byte parity over the nine bits is compared with 
the Parity Mode bit in the Control Register, to generate a 
byte-parity-error indication. Then, the four byte-parity- 
error signals are NORed together, to compute the asser- 
tlve-LOW parity-flag value. 

Word-Width Selection on Port B 

The word width of data access on Port B is selected 
by the WSo and WSi control Inputs. WSo and WSi both 
are tied HIGH for 36-bit access; they both are tied LOW 
for single-byte access. For double-byte access, WSo is 
tied HIGH and WSi is tied LOW. 

In the single-byte-access or double-byte-access modes, 
FIFO write operattons on Port B essentially pack the data to 
form 36-bit words, as viewed from Port A. Similariy, single¬ 
byte or double-byte FIFO read operations on Port B essen¬ 
tially unpack 36-bit words through a series of shift 
operations. FIFO status flags are updated foibwing the last 
access which forms a complete 36-blt transfer. 

Since the values for each status flag are computed by 
logic directly associated with one of the FIFO-memory 
arrays, and not by logic associated with Port B, the flag 
values reflect the array fullness situation in terms of com¬ 
plete 3&bit words, and not in terms of bytes or double bytes. 

However, there is no such restriction for switching from 
writing to reading, or from reading to writing, at Port B. As 
long as tnws, tos, and tA are satisfied, R/Wb may change 
state after any single-byte or double-byte access, and not 
only after a full 36-blt-word access. 

Also, the word-wldth-writing feature continues to oper¬ 
ate properly in ‘loopback’ mode. 

Note that the programmable word-width-matching 
feature is on/ysupported for FIFO accesses. Mailbox and 
Data Bypass operations do not support word-width 
matching between Port A and Port B. Tables 2, 3, and 4, 
and Figures 6a and 6b summarize word-width selection 
for Port B. 


Table 2. Port B Word-Width Selection 


WSi 

WSo 

PORT B DATA WIDTH 

H 

H 

36-Blt 

H 

L 

(Reserved) 

L 

H 

18-Blt 

L 

L 

9-Bit 
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Table 3. Flag Programming Words 


RESOURCE- 

REGISTER 

ADDRESS 

RESOURCE-REGISTER CONTENTS 

A2 

Ai 

_.Ao 

H 

H 

H 

NORMAL FIFO OPERATION 


X... 


H 

H 

L 

MAILBOX 


X... 


H 

L 

H 

36-BIT MODE 

D34A . . . D27A D2SA . . . Dl8A Dl6A . . • DqA D 7 A ■ • . DqA 

X 1 ^2Offset’ 1 X 1 ^2Offset’ | X | ^1 Offset’ | X | 7 ®i Offset’ 


H 

L 

L 

CONTROL REGISTER (WRITE-ONLY) 

Doa 

X... X 1 Parity Mode ^ 


L 

H 

H 

8-BIT^i FLAG 

Dta . • • Doa 

X... X I ^1 Offset’ 


L 

H 

L 

8-BIT FLAG 

D7A ... Doa 

X... X 1 ^1 Offset’ 


L 

L 

H 

8-BIT ^2 FLAG 

Dta ... Doa 

X... X I ^2Offset’ 


L 

L 

L 

8-BIT AF 2 FLAG 

Dza . -. Doa 

X... X I 7 ^ 2 Offset’ 


NOTES: 

1. All four programmable-flag-offset values are initialized to eight (8) during a reset operation. 

2. Odd parity = HIGH; even parity = LOW. The parity mode is initialized to odd during a reset operation. 


Table 4. Flag Definition Table ^ 


FLAG 

VALID FULL-WORD READ CYCLES REMAINING 

VALID FULL-WORD WRITE CYCLES REMAINING 

FLAG = LOW 

FLAG = HIGH 

FLAG = LOW 

FLAG = HIGH 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

FF 

256 

256 

0 

255 

0 

0 

1 

256 

AF 

256-p 

256 

0 

255-p 

0 

p 

P+1 

256 

HF 

129 

256 

0 

128 

0 

127 

128 

256 


0 

q 

q + 1 

256 

256-q 

256 

0 

255-q 

EF 

0 

0 

1 

256 

256 

256 

0 

255 


NOTE: 

1. p is the number in the Almost-Full-Flag-Offset-Value register for that port, q is the number in the Almost-Empty-Flag-Offset-Value register for that 
port. 
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PORT B WORD-WIDTH SELECTION 



Figure 6a. 36-to-18 Funneling Through FIFO #1 



Figure 6b. 36-ta-9 Funneling Through FIFO #1 


NOTES: 

1. The heavy black borders on register segments indicate the main 3. The word-width setting may be changed during system operation; 

data path, suitable for most applications. Alternate paths feature however, two clock intervals should be allowed for these signals 

a different ordering of bytes within a word, at Port B. to settle, before again attempting to read Dob - Dosb. Also, 

2. The funneling process does not change the ordering of bits within incomplete data words may occur when the word width is 

a byte. Halfwords (Figure 6a) or bytes (Figure 6b) are transferred changed from shorter to longer, at an inappropriate point In the 

in parallel form from Port A to Port B. data block passing through the FIFO. To avoid such incomplete 

data words, and to achieve proper synchronization, ‘dummy’ par¬ 
tial words should be supplied to complete the final longer word. 
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PORT B WORD-WIDTH SELECTION 



36-Bit Data Stream 

18-Bit Data Stream 




D 35 A 

n 


1 1^358 
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□ 


H 



PORT 

A 

Di7A 

□ 


PORT 

B 
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18 


V^r 



Dqa 

u 

Bits 0-17 
(1st Halfword) 

CD 

a 

p 


5420-33 


Figure 7a. 18-to^6 Defunneling Through FIFO #2 



Figure 7b. 9-to-36 Defunneling Through FIFO #2 


NOTES: 

1. The heavy black borders on register segments indicate the only 
data paths used. The other byte segments of Port B do not par¬ 
ticipate in the data path during defunneling. 

2. The defunneling process does not change the ordering of bits 
within a byte. Halfwords (Figure 7a) or bytes (Figure 7b) are 
transferred In parallel form from Port B to Port A. 


3. The word-width setting may be changed during system operation; 
however, two clock intervals should be allowed for these signals 
to settle, before again attempting to send data. Also, Incomplete 
data words may occur when the word width is changed from 
shorter to longer, at an inappropriate point in the data block pass¬ 
ing through the FIFO. To avoid such Incomplete data words, and 
to achieve proper synchronization, ‘dumm/ partial words should 
be supplied to complete the final longer word. 
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LH5420 


256 X 36 X 2 Bidirectional FIFO 


TIMING DIAGRAMS 



NOTES: _ 

1. ^ overrides all other input signals, except for R/W^, and operates asynchronously. 
RS operates whether or not EN^ and/or ENe are asserted. 

2. tpss. ^SH b® fTiet unless the rising edge of CK;^ and/or CKb occurs 

while that clock is enabled. 

3. The parity check is initialized to odd byte parity at reset. 

4. The AE and AF flag offsets are initialized to eight locations from the boundary at reset. 


Figure 8. Reset Timing 
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256 X 36 X 2 Bidirectional FIFO 


LH5420 


TIMING DIAGRAMS (cont’d) 


READ FROM WRITE TO 



NOTES: _ 

1. The Port B Parity Error Flag (PFb) reflects the parity status of data present on the data bus. 

2. The status of OEb does not gate read or write operations. 

3. if OEb LOW during a write operation, then the previous data held in the output latch is 
written back into FIFO #2. 

__ 5420-25 


Figure 11. Port B FIFO ReadWrite 
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LH5420 


256 X 36 X 2 Bidirectional FIFO 


TIMING DIAGRAMS (cont’d) 


WRITE TO 
MAILBOX #1 


READ FROM 
MAILBOX #2 



NOTES: _ 

1. Both edges of MBF 2 are synchronized to the Port A clock, CK/y. 

2. Both edges of MBF^ are synchronized to the Port B clock, CKb- _ 

3. There is a maximum of two CKq clock cycles of synchronization latency before MBF^ 
is asserted to indicate valid new mailbox data. If CKb and CK/y are identical, there is 
a maximum of one clock cycle. 

4. The status of mailbox flags does not prevent mailbox read or write operations. 


Figure 12. Port A Mailbox Access 
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256 X 36 X 2 Bidirectional FIFO 


LH5420 


TIMING DIAGRAMS (cont’d) 


WRITE TO 
MAILBOX #2 


READ FROM 
MAILBOX #1 



NOTES: _ 

1. Both edges of MBF 2 are synchronized to the Port A clock, CK;^. 

2. Both edges of MBF^ are synchronized to the Port B clock, CKq. _ 

3. There is a maximum of two CK/^ clock cycles of synchronization latency before MBF 2 
is asserted to indicate valid new mailbox data. If CK^ and CKg are identical, there is 
a maximum of one clock cycle. 

4. The status of mailbox flags does not prevent mailbox read or write operations. 


Figure 13. Port B Mailbox Access 
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LH5420 


256 X 36 X 2 Bidirectional FIFO 


TIMING DIAGRAMS (cont’d) 


LOAD FLAG READ FLAG 

POSITIONS POSITIONS 



NOTES: 

1. For valid flag address codes and data formats, see Table 3. 

2. If flag status is altered by flag programming, the updated flags will be valid within a time tRp, 

_ 

Figure 14. Flag Programming 
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256 X 36 X 2 Bidirectional FIFO 


LH5420 


TIMING DIAGRAMS (cont’d) 



Figure 15. Empty Flag Timing 



Figure 16. Almost-Empty Flag Timing 
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256 X 36 X 2 Bidirectional FIFO 


LH5420 
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LH5420 


256 X 36 X 2 Bidirectional FIFO 


TIMING DIAGRAMS (cont’d) 



NOTES: 

1. Aqa, and Aqb are all held HIGH for FIFO access. 

2. OEa is held HIGH. 

3. OEb is held LOW. 

4. tpRL (First Read Latency) - The first read following an empty condition 
may begin no earlier than tppL after the first write to an empty FIFO, 
to ensure that valid read data is retrieved. 

_ 5420-17 


Figure 23. FIFO #2 Write and Read Operation in 
Near>Empty Region 
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256 X 36 X 2 Bidirectional FIFO 


LH5420 


TIMING DIAGRAMS (cont’d) 



NOTES: 

1. Aqa, and Aqb are all held HIGH for FIFO access. 

2. is held HIGH. 

3. OEb is held LOW. 

4. tpwL (f^irst Write Latency) - The first write following a full condition 
may begin no earlier than tpwL after the first read from a full FIFO, 
to ensure that valid write data is written. 

_ 5420-14 


Figure 24. FIFO #1 Read and Write Operation in 
Near-Full Region 
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256 X 36 X 2 Bidirectional FIFO 


LH5420 


TIMING DIAGRAMS (cont’d) 



Figure 26. Port B Double-Byte FIFO #1 Read Access for 
36-to-18 Funneling 



Figure 27. Port B Double-Byte FIFO #2 Write Access for 
18-to-36 Defunneling 


SHARR 


5-125 








LH5420 


256 X 36 X 2 Bidirectional FiFO 


TIMING DIAGRAMS (cont’d) 



Figure 28. Port B Single-Byte FIFO #1 Read Access for 
36-to-9 Funneling 
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256 X 36 X 2 Bidirectional FIFO 


LH5420 


TIMING DIAGRAMS (cont’d) 



NOTES: 

1. is held HIGH for FIFO acx:ess. 

2. OEq is held HIGH. 

3. WSq and WS^ both are held LOW for single-byte access. 


Figure 29. Port B Single-Byte FIFO #2 Write Access for 
9-to-36 Defunneling 


Outside the 'almost-fuH* region, 
Acknowledge is continuous 
for a continuous Request. 


Starting at the third cycle after entering the 
'almost-fuir region, Acknowledge occurs on 
every third cycle to prevent underrun of the 
■full' condition. 


CKa (CKb) 


FVWa (RWb) 


REQa (REQb) 


ACKa (ACKb) 


AF, (AFg) 



NOTES: 

1. For a FIFO access to occur, REQ and EN must be held HIGH for the required setup and hold times. 

2. ACK can be tied directly to EN to directly gate FIFO accesses. 

* Indicates where a write would take place, if ACK were tied to EN. 

3. REQ must be maintained HIGH throughout the entire clock cycle for ACK to be generated. 

4. When the REQ/ACK handshake is not used, ACK can be ignored, 
and REQ may be tied HIGH or used as a second enable. 


Figure 30. Write Request/Acknowledge Handshake 
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LH5420 


256 X 36 X 2 Bidirectional FIFO 


TIMING DIAGRAMS (cont’d) 


Outside the 'almost-empty* region, Starting at the third cycle after entering the 

Acknowledge is continuous --— 'almost-empty* region, Acknowledge 

for a continuous Request. occurs on every third cycle to prevent underrun 

of the 'empty' condition. 


CKa (CKb) 


R/Wa (R/Wb) 


REQa (REQb) 


ACKa (ACKb) 


AE2 (AEi) 

NOTES: 



1. For a FIFO access to occur, REQ and EN must be held HIGH for the required setup and hold times. 

2. ACK can be tied directly to EN to directly gate FIFO accesses. 

* Indicates where a read would take place, if ACK were tied to EN. 

3. REQ must be maintained HIGH throughout the entire clock cycle for ACK to be generated. 

4. When the REQ/ACK handshake is not used, ACK can be ignored, 
and REQ may be tied HIGH or used as a second enable. 

^ 5420-9 


Figure 31. Read Request/Acknowledge Handshake 


ORDERING INFORMATION 


LH£ 

Devic 

)420 

3 Type Pac 

K -## 

kage Speed 

1 [25 

'-s 30 Cycle Times (ns) 

135 

f P 132-Lead, Plastic Quad Flat Package (PQFP132-P-S950) 

1y 120-Lead, Pin-Grid-Array Package (PGA120-C-S1360) 

Example: LH5420P-25 (256 x 36 x 2 Bidirectional FIFO, 25 ns, 132-Lead, Plastic Quad Flat Package) 

5420MD 


5-128 







LH540202 


PRELIMINARY 

CMOS 1024 X 9 Asynchronous FIFO 


FEATURES 

• Fast Access Times: 15/20/25/35/50 ns 

• Fast-Fall-Through Time Architecture Based on 
CMOS Dual-Port SRAM Technology 

• Input Port and Output Port Have Entirely 
Independent Timing 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Data Retransmission Capability 

• TTL-Compatible I/O 

• Pin and Functionally Compatible with Sharp 
LH5496/97 and with Am/IDT/MS7201/02 

• Control Signals Assertive-LOW for Noise Immunity 

• Packages: 

28-Pin, 3(X)-mil PDIP 
28-Pin, 600-mil PDIP * 

28-Pin, 300-mil SOJ * 

32-Pln PLCC 


PIN CONNECTIONS 


28-PIN PDIP 





TOP VIEW 

28-PIN SOJ * 

W (I 
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Figure 1. Pin Connections for PDIP * and 
SOJ * Packages 


FUNCTIONAL DESCRIPTION 

The LH540202 is a FIFO (FIrst-ln, First-Out) memory 
device, based on fully-static CMOS dual-port SRAM tech¬ 
nology, capable of storing up to 1024 nine-bit words. It 
follows the Industry-standard architecture and package 
pinouts for nine-bit asynchronous FIFOs. Each nine-bit 
LH540202 word may consist of a standard eight-bit byte, 
together with a parity bit or a block-marking/framing bit. 

The input and output ports operate entirely inde¬ 
pendently of each other, unless the LH540202 becomes 
either totally full or else totally empty. Data flow at a port 
is Initiated by asserting either of two asynchronous, as- 
sertlve-LOW controHnputs: Write (W) for data entry at the 
Input port, or Read (R) for data retrieval at the output port. 

Full, Half-Full, and Empty status flags monitor the 
extent to which the internal memory has been filled. The 
system may make use of these status outputs to avoid 
the risk of data loss, which otherwise might occur either 
by attempting to write additional words into an already-full 
LH540202, or by attempting to read additional words from 
an already-empty LH540202. When an LH540202 is 
operating in a depth-cascaded configuration, the Half-Full 
Flag is not available. 


32-PIN PLCC 
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No external electrical connections are allowed. 
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Figure 2. Pin Connections for PLCC Package 


* This is a Preliminary data sheet; except that ail references to the 600-mil PDIP and SOJ packages still have Advance Information status. 
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LH540202 


PRELIMINARY 


CMOS 1024 X 9 Asynchronous FIFO 


FUNCTIONAL DESCRIPTION (confd) 

Data words are read out from the LH540202’s output 
port in precisely the same order that they were written in 
at its input port; that is, according to a First-In, First Out 
(FIFO) queue discipline. Since the addressing sequence 
for a FIFO device’s memory is internally predefined, no 
external addressing information Is required for the opera¬ 
tion of the LH540202 device. 

Drop-in-replacement compatibility is maintained with 
both larger sizes and smaller sizes of Industry-standard 
nine-bit asynchronous FIFOs. The only change is in the 
number of Internally-stored data words Implied by the 
states of the Full Flag and the Half-Full Flag. 

The Retransmit (^) control signal causes the Internal 
FIFO-memory-array read-address pointer to be set back 
to zero, to point to the LH540202’s first physical memory 
location, without affecting the internal FIFO-memory- 
array write-address pointer. Thus, the Retransmit control 
signal provides a mechanism whereby a block of data, 
delimited by the zero physical address and the current 
write-address-pointer value, may be read out repeatedly 
an arbitrary number of times. The only restrictions are that 
neither the read-address pointer nor the write-address 
pointer may ‘wrap around’ during this entire process, i.e., 
advance past physical location zero after traversing the 
entire memory. The retransmit facility is not available 
when an LH540202 Is operating in a depth-expanded 
configuration. 


The Reset (RS) control signal returns the LH540202 to 
an Initial state, empty and ready to be filled. An LH540202 
should be reset during every system power-up sequence. 
Aresetoperatbn causes the internal FIFO-memory-array 
write-address pointer, as well as the read-address pointer, 
to be set back to zero, to point to the LH540202’s first 
physical memory location. Any information which pre¬ 
viously had been stored within the LH540202 Is not 
recoverable after a reset operation. 

A cascading (depth-expansion) scheme may be Imple¬ 
mented by using th e Expan sion In (XI) Input signal and 
the Expansion Out (XO/HF) output signal. This allows a 
deeper ‘effective FIFO’ to be implemented by using two 
or more LH540202 devices, without Incurring additional 
latency (‘fallthrough’ or ‘bubblethrough’) delays, and with¬ 
out the necessity of storing and retrieving any given data 
word more than once. In this cascaded operating mode, 
one LH540202 device must be designated as the first- 
l oad’ o r ‘master’ device, by grounding its First-Load 
(FL/RT) control input; the remaining LH540202 devices 
are designated as ‘slaves,’ by tying their FL/RT inputs 
HIGH. Because of the need to share control signals on 
pins, the Half-Full Flag and the retransmission capability 
are not available for either ‘master* or ‘slave’ LH540202 
devices operating in cascaded mode. 



Figure 3. LH540202 Block Diagram 
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CMOS 1024 X 9 Asynchronous FIFO 


PRELIMINARY 


LH540202 


PIN DESCRIPTIONS 


PIN 

PIN TYPE * 

DESCRIPTION 

Do - Da 

1 

Input Data Bus 

D 

o 

P 

o/z 

Output Data Bus 

W 

1 

Write Request 

R 

1 

Read Request 

EF 

0 

Empty Flag 

FF 

0 

Full Flag 


* I = Input, O = Output, Z = High-Impedance, V = Power Voltage Level 


PIN 

PIN TYPE * 

DESCRIPTION 

)^/HF 

0 

Expansion Out/Half-Full Flag 

)a 

1 

Expansion In 

FUWf 

1 

First Load/Retransmit 

RS 

1 

Reset 

VCC 

V 

Positive Power Supply 

Vss 

V 

Ground 


OPERATIONAL DESCRIPTION 

Reset 

The LH540202 is reset whenever the Reset input (RS) 
is taken LOW. A reset operation initializes both the read- 
address pointer and the write-address pointer to point to 
location zero, the first physical meniory location. During 
a reset operation, the state of the XI and FL/RT inputs 
determines whether the device is in standalone mode or 
in depth-cascaded mode. (See Tables 1 and 2.) 

A reset operation Is required whenever the 1^540202 
first is powered up. The Read (R) and Write (W) inputs 
may be in any state when the reset operation is initiated; 
but they must be HIGH, before the reset operation is 
terminated by a rising edge of RS, by a time tpRss (for 
Read) or twRSS (for Write) respectively. (See Figure 10.) 

Write 

_A write cycle is initiated by a falling edge of the Write 
(W) control Input. Data setup times and hold times must 
be observed for the data inputs (Do - Da). Write opera¬ 
tions may occur independently of any ongoing read op¬ 
erations. However, a write operation j^posslble only if the 
FIFO Is not full, (i.e., if the Full Flag FF is HIGH). 

At the falling edge of W for the first write operation after 
th^memory is half filled, the Half-Full Flag is asserted 
(HF = LOW). It remains asserted until the difference 
between the write pointer and the read pointer indicates 
that the data words remaining In the LH540202 are filling 
the FIFO memory to less than or equal to one-half of its 
t ota l capacity. The Half-Full Flag is deasserted 
(HF = HIGH) by the appropriate rising edge of R. (See 
Table 3.) 

The Full Flag is asserted (FF=LOW) at the falling edge 
of W for the write operation which fills the last available 
location in the FIFO memory_array. FF = LOW inhibits 
further write operations until FF Is cleared by a valid read 
operation. The Full Flag^ls deasserted (FF = HIGH) after 
the next rising edge of R releases another memory loca¬ 
tion. (See Table 3.) 


Read 

_ A read cycle is initiated by a falling edge of the Read 
(R) control input. Read data becomes valid at the data 
outputs (Op “ Qs) after a time Ia from the falling edge of 
R. After R goes HIGH, the data outputs return to a 
high-impedance state. Read operations may occur inde¬ 
pendently of any ongoing write operations. However, a 
read operation is possible only if the FIFO is not empty 
(i.e.. If the Empty Flag EF Is HIGH). 

The LH540202’s internal read-address and write- 
address pointers operate in such a way that consecutive 
read operations always access data words in the same 
order that they were written. The Empty Flag is asserted 
(EF = LOW) after that falling edge of R which accesses 
the last available data word In the FIFO memory. EFjs 
deasserted (EF = HIGH) after the next rising edge of W 
loads another valid data word. (See Table 3.) 

Data Flow-Through 

_ Read-data flow-through mode occurs when the Read 
(R) control Input Is brought LOW while the FIFO is empty, 
and Is held LOW in anticipation of a write cycle. At the end 
of the next write cycle, the Empty Flag EF momentarily is 
deasserted, and the data word just written becomes 
available at the data outputs (Qo - Qs) after a maxi¬ 
mum time of IwEF +U. Additional write operations may occur 
while the R Input remains LOW; but only data from the 
first write operation flows through to the data outputs. 
Addition^ data words, if any, may be accessed only by 
toggling R. 

_Write-data flow-through mode occurs when the Write 
(W) input is brought LOW while the FIFO is full, and Is 
held LOW in anticipation of a read cycle. At the end of the 
read cycle, the Full Flag momentarily is deasser^, but 
then immediately is reasserted in response to W being 
held LOW. A data word is written into the FIFO on the 
rising edge of W, which may occur no sooner than 
tRFF + Iwpw after the read operation. 
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PRELIMINARY 


CMOS 1024 X 9 Asynchronous FIFO 


OPERATiONAL DESCRIPTION (cont’d) 

Retransmit 

The FIFO can be made to reread previously-read data 
by means of the Retransmit function. A retransmit opera- 
l^n is initiated by pulsing the RT input LOW. Both R and 
W must be deasserted (HIGH) for the duration of the 
retransmit pulse. The FIFO’s internal read-address 
pointer is reset to point to location zero, the first physical 
memory location, whiie the internai write-address 
pointer remains unchanged. 

After a retransmit operation, those data words in the 
region in between the read-address pointer and the 
write-address pointer may be reaccessed by subsequent 
read operations. A retransmit operation may affect the 
state of the status flags FF, HF, and EF, depending on 
the relocation of the read-address pointer. There is no 
restriction on the number of times that a block of data 
within an LH540202 may be read out, by repeating the 
retransmit operation and the subsequent read operations. 

The maximum length of a data block which may be 
retransmitted is 1024 words. Note that if the write-address 
pointer ever ‘wraps around’ (i.e., passes location zero 
more than once) during a sequence of retransmit opera¬ 
tions, some data words will be lost. 

The Retransmit function is not available when the 
LH540202 is_operating in depth-cascaded mode, 
because the FL/RT control pin must be used for first-load 
selection rather than for retransmission control. 


Table 1. Grouping-Mode Determination 
During a Reset Operation 








XI 

FU 

MODE 

x6/hf 

XI 

FL/RT 

RT 

USAGE 

USAGE 

USAGE 

Hi 

H 

Cascaded 

Slave ^ 


x\ 

FL 

H1 

L 

Cascaded 
Master ^ 

XO 

x\ 

FL 

L 

X 

Standalone 

HF 

(none) 



NOTES: _ 

1. Areset operation forces XO HIGH for the nth FIFO, thus forcing 

XI HIGH for the n+1st FIFO. 

2. The terms ‘master’ and ‘slave’ refer to operation in depth-cas¬ 

caded grouping mode. 

3. H = HIGH; L = LOW; X = Don’t Care. 


Table 2. Expansion-Pin Usage According to 
Grouping Mode 


I/O 

PIN 

STANDALONE 

CASCADED 

MASTER 

CASCADED 

SLAVE 

I 

xi 

Grounded 

From^ 

(n-lst 

FIFO) 

FromW 

(n-lst 

FIFO) 

0 

)^/HF 

Becomes 

HF 

ToX\ 

(n-Flst 

FIFO) 

JoX\ 

(n-i-lst 

FIFO) 

I 

Km 

Becomes 

RT 

Grounded 

(Logic 

LOW) 

Logic 

HIGH 


Tables. Status Flags 


NUMBER OF UNREAD DATA 
WORDS PRESENT WITHIN 
1024 x 9 FIFO 

FF 

HF 

EF 

0 

H 

H 

L 

1 to 512 

H 

H 

H 

513 to 1023 

H 

L 

H 

1024 

L 

L 

H 


5-132 


SHARP 








CMOS 1024 X 9 Asynchronous FIFO 


PRELIMINARY 


LH540202 


OPERATIONAL MODES 

Standalone Configuration 

When depth cascading is not required for a given 
application, the LH540202 is placedjn standalone mode 
by tying the Expansion In input (XI) to ground. This 
input is internally sampled during a reset operation. (See 
Table 1.) 


Width Expansion 

Word-width expansion is implemented by placing 
multiple LH540202 devices in parallel. Each LH540202 
should be configured for standalone mode. In this ar¬ 
rangement, the behavior of the status flags is identical for 
all devices; so. In principle, a representative value for 
each of these flags could be derived from any one device. 
In practice, it Is better to derive ‘composite’ flag values 
using external logic, since there may be minor speed 
variations between different actual devices. (See Figures 
4, 5, and 6.) 
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Figure 4. Standalone FIFO 
(1024 x 9) 
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Figure 5. FIFO Word-Width Expansion 
(1024x18) 
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OPERATIONAL MODES (confd) 

Depth Cascading 

Depth cascading is implemented by configuring the 
required number of LH540202s in depth-cascaded mode. 
In this arrangement, the FIFOs are connected in a circular 
fashion, with the Expansion Out outpuyxO) of each 
device tied to the Expanston In input (XI) of the next 
device. One FIFO in the cascade must be designated as 
the ‘first-load’ device, by tying its First Load input (FURT) 
to ground. All other device musthave their FURT inputs 
tied HIGH. In this mode, W and R signals are shared by 
all devices, while logic within each LH540202 controls the 
steering of data. Only one LH540202 Is enabled during 


any given write cycle; thus, the common Data In inputs of 
all devices are tied together. Likewise, only one 
LH540202 Is enabled during any given read cycle; thus, 
the common Data Out outputs of all devices are wlre- 
ORed together 

In depth-cascaded mode, external logic should be 
used to generate a composite Full Flag and a composite 
Empty Flag, by ANDing the FF outputs of all LH540202 
devices together and ANDing the EF outputs of all devices 
together. Since FF and EF are assertive-LOW signals, 
this ‘ANDing’ actually is implemented using an assertlve- 
HIGH physical OR gate. The Half-Full Flag and the 
Retransmit function are not available in depth-cascaded 
mode. 



540202-191 


Figure 6. FIFO Depth Cascading 
(3072 x 9) 
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OPERATIONAL MODES (cont’d) LH540202 are tied to the corresponding Data Out outputs 

. of another LH540202, which is operating in the opposite 

Compound FIFO Expansion direction, to form a single bidirectional bus interface. Care 

A combination of word-width expansion and depth must be taken to assure that the appropriate read, write, 

cascading may be implemented easily by operating and flag signals are routed to each system. Both word- 

groups of depth-cascaded FIFOs in parallel. width expansion and depth cascading may be used in 

... ^ . bidirectional applications. 

Bidirectional FIFO Operation 

Bidirectional data buffering between two systems may 
be implemented by operating LH540202 devices in par¬ 
allel, but in opposite directions. The Data In inputs of each 



Figure 7. Compound FIFO Expansion 



Figure 8. Bidirectional FIFO Operation 
(1024 x 9 x 2) 
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ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Supply Voltage to Vss Potential 

-0.5 V to 7 V 

Signal Pin Voltage to Vss Potential ^ 

-0.5 V to Vcc + 0.5 V (not to exceed 7 V) 

DC Output Current ^ 

±50mA 

Storage Temperature Range 

-65°Cto150°C 

Power Dissipation (Package Limit) 

1.0W 

DC Voltage Applied to Outputs In High-Z State 

-0.5 V to Vcc + 0.5 V (not to exceed 7 V) 


NOTES: 


1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions outside of those indicated in the ‘Operating 
Range’ of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 

3. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

OPERATING RANGE 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Ta 

Temperature, Ambient 

0 

70 

°C 

Vcc 

Supply Voltage 

4.5 

5.5 

V 

Vss 

Supply Voltage 

0 

0 

V 

VlL 

Logic LOW Input Voltage ^ 

-0.5 

0.8 

V 

VlH 

Logic HIGH Input Voltage 

2.0 

Vcc + 0.5 

V 


NOTE: 

1. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

lu 

Input Leakage Current 

Vcc = 5.5 V, ViN = 0 V to Vcc 

-10 

10 

ma 

Ilo 

Output Leakage Current 

R > VlH, 0 V < VoUT ^ Vcc 

-10 

10 

ma 

VOH 

Output HIGH Voltage 

Ioh = -2.0 mA 

2.4 


V 

VoL 

Output LOW Voltage 

loL = 8.0 mA 


0.4 

V 

Icc 

Average Supply Current ^ 

Measured at f = 40 MHz 


100 

mA 

ICC2 

Average Standby Current ^ 

All Inputs = V|H 


15 

mA 

ICC3 

Power Down Current ^ 

All Inputs = Vcc - 0.2V 


5 

mA 


NOTE: 


1 • Icc, Icc 2 , and Ices are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

Vss to 3 V 

Input Rise and Fall Times (10% to 90%) 

5 ns 

Input Timing Reference Levels 

1.5 V 

Output Reference Levels 

1.5 V 

Output Load, Timing Tests 

Figure 9 


CAPACITANCE 


PARAMETER 

RATING 

CiN (Input Capacitance) 

5pF 

Gout (Output Capacitance) 

7pF 


+£ 

1 

V 

r 

1.1 kQ < 

1 

> 

DEVICE 1 


UNDER O- 


TEST 

680 0 < 

> zjzsOpF 

* INCLUDES JIG AND SCOF 

>E CAPACITANCES 540202-4 


Figure 9. Output Load Circuit 


NOTES: 

1. Sample tested only. 

2 . Capacitances are maximum values at 25°C, measured at 1.0 MHz, with Vin = 0 V. 
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AC ELECTRICAL CHARACTERISTICS ^ (Over Operating Range) 


SYMBOL 

PARAMETER 

tA= 15 ns 

U = 20 ns 

U = 25 ns 

tA =: 35 ns 

tA = 50 ns 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

READ CYCLE TIMING 

tRC 

Read Cycle Time 

25 

- 

30 

- 

35 


45 

- 

65 

- 

ns 

tA 

Access Time 

- 

15 

- 

20 

- 

25 

- 

35 

- 

50 

ns 

tRR 

Read Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

15 

- 

ns 

tRPW 

Read Pulse Width 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tRLZ 

Data Bus Active from Read LOW^ 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tWLZ 

Data Bus Active from Write HIGH 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

tov 

Data Valid from Read Pulse HIGH 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tRHZ 

Data Bus High-Z from Read HIGH ^ 

- 

15 

- 

15 

- 

15 

- 

15 

- 

20 

ns 

WRITE CYCLE TIMING 

twc 

Write Cycle Time 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

ns 

tWPW 

Write Pulse Width 2 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tWR 

Write Recovery Time 

10 

- 

10 

_ 

10 

- 

10 

- 

15 

- 

ns 

tDS 

Data Setup Time 

10 

- 

10 

- 

10 

- 

15 

- 

20 

- 

ns 

tDH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

RESET TIMING 

tRSC 

Reset Cycle Time 

25 


30 

_ 

35 

- 

45 

- 

65 

- 

ns 

tRS 

Reset Pulse Width ^ 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tRSR 

Reset Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

15 

- 

ns 

RETRANSMIT TIMING^ 

tRTC 

Retransmit Cycle Time 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

ns 

tRT 

Retransmit Pulse Width ^ 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tRTR 

Retransmit Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

15 

- 

ns 

tRRSS 

Read HIGH to RS HIGH 

15 

- 

20 


25 

- 

35 

- 

50 

- 

ns 

tWRSS 

Write HIGH to RS HIGH 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

FLAG TIMING 

tEFL 

Reset LOW to Empty Flag LOW 

- 

25 

- 

30 

- 

35 

- 

45 

- 

65 

ns 

tHFH.FFH 

Reset LOW to Half-Full and Full 

Flags HIGH 

- 

25 


30 

- 

35 


45 

- 

65 

ns 

tREF 

Read LOW to Empty Flag LOW 

- 

15 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

tRFF 

Read HIGH to Full Flag HIGH 

- 

15 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

tWEF 

Write HIGH to Empty Flag HIGH 

- 

15 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

tWFF 

Write LOW to Full Flag LOW 

- 

15 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

tWHF 

Write LOW to Half-Full Flag LOW 

- 

15 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

tRHF 

Read HIGH to Half-Full Flag HIGH 

- 

15 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

EXPANSION TIMING 

tXOL 

Expansion Out LOW 

- 

18 

- 

20 

- 

25 

- 

35 

- 

50 

ns 

tXOH 

Expansion Out HIGH 

- 

18 

- 

20 

- 

25 

- 

35 

- 

50 

ns 

txi 

Expansion In Pulse Width 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tXIR 

Expansion In Recovery Time 

10 

” 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

txis 

Expansion in Setup Time 

7 


10 

- 

10 

- 

15 

- 

15 

- 

ns 


NOTES: 

1. All timing measurements are performed at ‘AC Test Condition’ levels. 

2. Pulse widths less than minimum value are not allowed. 

3. Values are guaranteed by design; not currently tested. 

4. Only applies to read-data flow-through mode. 

5. See also Note 2, Figure 19. 
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CMOS 1024 X 9 Asynchronous FIFO _ PRELIMINARY _ LH540202 

TIMING DIAGRAMS (cont’d) 



Figure 18. Half-Full Flag Uming 



Figure 19. Retransmit Timing 
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TIMING DIAGRAMS (cont’d) 


w 


xo 


\ 


WRITE TO LAST 
AVAILABLE 
LOCATION 


f 


txOL 


txOH 




X 


READ FROM 
LAST VALID 



LOCATION 

_ , 

txOL 


_ 




^_ 




txOH 




Figure 20. Expansion-Out Timing 



ORDERING INFORMATION 


LH540202 
Device Type 


X 

Package 


-## 

Speed 


15 

20 

25 Access Time (ns) 

35 

50 

Blank 28-pin, 600-mil Plastic DIP * (DIP28-P-600) 

D 28-pln, 300-mil Plastic DIP (DIP28-W-300) 

K 28-pin, 300-mil SOJ * (SOJ28-P-300) 

.U 32-pin Plastic Leaded Chip Carrier (PLCC32-P-R450) 

CMOS 1024x9 FIFO 


* This is a Preliminary data sheet; except that all references to the 
600-mil Plastic DIP and SOJ packages still have Advance Information status. 

Example: LH540202U-25 (CMOS 1024 x 9 FIFO, 32-pin PLCC, 25 ns) 
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FEATURES 

• Fast Access Times: 15/20/25/35/50 ns 

• Fast-Fall-Through Time Architecture Based on 
CMOS Dual-Port SRAM Technology 

• Input Port and Output Port Have Entirely 
Independent Timing 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Data Retransmission Capability 

• TTL-Compatible I/O 

• Pin and Functionally Compatible with Sharp LH5498 
and with Am/IDT/MS7203 

• Control Signals AssertIve-LOW for Noise Immunity 

• Packages: 

28-Pin, 300-mil PDIP 
28-Pin, 600-mil PDIP * 

28-Pin, 300-mil SOJ * 

32-Pin PLCC 

PIN CONNECTIONS 


FUNCTIONAL DESCRIPTION 

The LH540203 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS dual-port SRAM tech¬ 
nology, capable of storing up to 2048 nine-bit words. It 
follows the Industry-standard architecture and package 
pinouts for nine-bit asynchronous FIFOs. Each nine-bit 
LH540203 word may consist of a standard eight-bit byte, 
together with a parity bit or a block-marking/framing bit. 

The input and output ports operate entirely inde¬ 
pendently of each other, unless the LH540203 becomes 
either totally full or else totally empty. Data flow at a port 
is initiated by asserting either of tw asynchronous, as- 
sertive-LOW controMnputs: Write (W) for data entry at the 
input port, or Read (R) for data retrieval at the output port. 

Full, Half-Full, and Empty status flags monitor the 
extent to which the internal memory has been filled. The 
system may make use of these status outputs to avoid 
the risk of data loss, which otherwise might occur either 
by attempting to write additional words into an already-full 
LH540203, or by attempting to read additional words from 
an already-empty LH540203. When an LH540203 is 
operating in a depth-cascaded configuration, the Half-Full 
Flag is not available. 


28-PIN PDIP 
28-PIN SOJ * 





TOP VIEW 

w C 

1 • 

28 

C Vcc 


DsC 

2 

27 

□ D 4 



D3C 

3 

26 

□ D5 



DgC 

4 

25 

□ De 



DiC 

5 

24 

□D7 



DoC 

6 

23 

□ FL/RT 



x\ C 

7 

22 

□ RS 




8 

21 

□ EF 



Qo c 

9 

20 

□ ^/HF 



QiC 

10 

19 

□ Q7 



QjC 

11 

18 

Z1 Qg 



Q3II 

12 

17 

C Q5 



Qs C 

13 

16 

□Q4 



Vss C 

14 

15 

□ r 







540203-2D 


32-PIN PLCC „ 0 , b B ^ 

Q Q Z > Q Q 

, n n n n n n ,n 

4 3 2 1 32 31 30 


TOP VIEW 


□2 C 5 
Di C 6 
Do C 7 
^ □ 8 
^ C 9 
Qo CIO 
Qi CII 
NC C 12 
Cl3 


Q; 


29 

28 

271 

26 

25! 

24 


□ Dg 

□ D 7 


14 15 16 17 18 19 20 

U U'U U'U 


□ NC 

□ Kj^ 

□ ^ 

□ ^ 

23 □ 

22 □ Q7 

21 □ Qe 


O d 


CO o 
> 2 


o o 


NOTE: * = No external electrical connections are allowed. 

540203-3D 


Figure 1. Pin Connections for PDiP * and 
SOJ * Packages 


Figure 2. Pin Connections for PLCC Package 


* This is a Preliminary data sheet; except that all references to the 600-mil PDIP and SOJ packages still have Advance Information status. 
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FUNCTIONAL DESCRIPTION (confd) 

Data words are read out from the LH540203’s output 
port in precisely the same order that they were written In 
at its input port; that is, according to a First-In, First Out 
(FIFO) queue discipline. Since the addressing sequence 
for a FIFO device’s memory is internally predefined, no 
external addressing information is required for the opera¬ 
tion of the LH540203 device. 

Drop-in-repiacement compatibility is maintained with 
both larger sizes and smaller sizes of Industry-standard 
nine-bit asynchronous FIFOs. The only change Is in the 
number of internally-stored data words implied by the 
states of the Full Flag and the Half-Full Flag. 

The Retransmit (OT) control signal causes the Internal 
FIFO-memory-array read-address pointer to be set back 
to zero, to point to the LH540203’s first physical memory 
location, without affecting the internal FIFO-memory- 
array write-address pointer. Thus, the Retransmit control 
signal provides a mechanism whereby a block of data, 
delimited by the zero physical address and the current 
write-address-pointer value, may be read out repeatedly 
an arbitrary number of times. The only restrictions are that 
neither the read-address pointer nor the write-address 
pointer may Wap around’ during this entire process, i.e., 
advance past physical location zero after traversing the 
entire memory. The retransmit facility Is not available 
when an LH540203 is operating in a depth-expanded 
configuration. 


The Reset (RS) control signal returns the LH540203 
to an initial state, empty and ready to be filled. An 
LH540203 should be reset during every system power-up 
sequence. A reset operation causes the internal FIFO- 
memory-array write-address pointer, as well as the read- 
address pointer, to be set back to zero, to point to the 
LH540203’s first physical memory location. Any informa¬ 
tion which previously had been stored within the 
LH540203 is not recoverable after a reset operation. 

Acascading (depth-expansion) scheme may be imple¬ 
mented by using th e Expan sion In (XI) input signal and 
the Expansion Out (XO/HF) output signal. This allows a 
deeper ‘effective FIFO’ to be implemented by using two 
or more LH540203 devices, without incurring additional 
latency (‘fallthrough’ or ‘bubblethrough’) delays, and with¬ 
out the necessity of storing and retrieving any given data 
word more than once. In this cascaded operating mode, 
one LH540203 device must be designated as the ffirst- 
l oad’ o r ‘master’ device, by grounding its First-Load 
(FL/RT) control Input; the remaining LH540203 devices 
are designated as ‘slaves,’ by tying their FL/RT Inputs 
HIGH. Because of the need to share control signals on 
pins, the Half-Full Flag and the retransmission capability 
are not available for either ‘master’ or ‘slave’ LH540203 
devices operating in cascaded mode. 



Figure 3. LH540203 Block Diagram 
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PIN DESCRIPTIONS 


PIN 

PIN TYPE * 

DESCRIPTION 

Do - Ds 

1 

Input Date Bus 

Qo-Qs 

on 

Output Date Bus 

W 

1 

Write Request 

R 

1 

Read Request 

EF 

0 

Empty Flag 

FF 

0 

Full Flag 


* I = Input, O = Output, Z = High-Impedance, V = Power Voltage Level 


PIN 

PIN TYPE * 

DESCRIPTION 

)^/HF 

0 

Expansion Oul/Half-Full Flag 

X\ 

1 

Expansion In 

fDrT 

1 

First Load/Retransmit 

RS 

1 

Reset 

Vcc 

V 

Positive Power Supply 

Vss 

V 

Ground 


OPERATIONAL DESCRIPTION 

Reset 

The LH540203 is reset whenever the Reset input (RS) 
is taken LOW. A reset operation initializes both the read- 
address pointer and the write-address pointer to point to 
location zero, the first physical memory lo cation. During 
a reset operation, the state of the XI and FL/RT Inputs 
determines whether the device is in standalone mode or 
in depth-cascaded mode. (See Tables 1 and 2.) 

A reset operation is required whenever the LJH540203 
first is powered up. The Read (R) and Write (W) inputs 
may be in any state when the reset operation is initiated; 
but they must be HIGH, before the reset operation is 
terminated by a rising edge of RS, by a time tpRss (for 
Read) or tWRSS (for Write) respectively. (See Figure 10.) 

Write 

_A write cycle is initiated by a falling edge of the Write 
(W) control input. Data setup times and hold times must 
be observed for the data Inputs (Do - Ds). Write opera¬ 
tions may occur independently of any ongoing read op¬ 
erations. However, a write operation is possible only If the 
FIFO is not full, (i.e., if the Full Flag FF is HIGH). 

At the falling edge of W for the first write operation after 
the memory is half filled, the Half-Full Flag Is asserted 
(HF = LOW). It remains asserted until the difference 
between the write pointer and the read pointer indicates 
that the data words remaining in the LH^0203 are filling 
the FIFO memory to less than or equal to one-half of its 
t ota l capacity. The Half-Full Flag Is deasserted 
(HF = HIGH) by the appropriate rising edge of R. (See 
Table 3.) 

The Full Flag is asserted (FF=LOW) at the falling edge 
of W for the write operation which fillsj^he last available 
location in the FIFO memo^array. FF = LOW inhibits 
further write operations until FF Is cleared by a valid read 
operation. The Full Flag^is deasserted (FF = HIGH) after 
the next rising edge of R releases another memory loca¬ 
tion. (See Table 3.) 


Read 

_ A read cycle is initiated by a falling edge of the Read 
(R) control Input. Read data becomes valid at the data 
outputs (Op - Qs) after a time tA from the falling edge of 
R. After R goes HIGH, the data outputs return to a 
high-impedance state. Read operations may occur inde¬ 
pendently of any ongoing write operations. However, a 
read operation is possible only if the FIFO is not empty 
(i.e.. If the Empty Flag EF is HIGH). 

The LH540203’s internal read-address and write- 
address pointers operate in such a way that consecutive 
read operations always access data words In the same 
order that they were written. The Empty Flag is asserted 
(EF = LOW) after that falling edge of R which accesses 
the last avall^le data word in the FIFO memory. EFJs 
deasserted (EF = HIGH) after the next rising edge of W 
loads another valid data word. (See Table 3.) 

Data Flow-Through 

_ Read-data flow-through mode occurs when the Read 
(R) control input is brought LOW while the FIFO is empty, 
and is held LOW in anticipation of a write cycle. At the end 
of the next write cycle, the Empty Flag EF momentarily is 
deasserted, and the data word just written becomes 
available at the data outputs (Qo - Qs) after a maxi¬ 
mum time of IWEF+tA. Additional write operations may occur 
while the R input remains LOW; but only data from the 
first write operation flows through to the data outputs. 
Addition^ data words. If any, may be accessed only by 
toggling R. 

_Write-data flow-through mode occurs when the Write 
(W) Input is brought LOW while the FIFO Is full, and is 
held LOW in anticipation of a read cycle. At the end of the 
read cycle, the Full Flag momentarily is deasserted, but 
then Immediately is reasserted in response to W being 
held LOW. A date word Is written into the FIFO on the 
rising edge of W, which may occur no sooner than 
tRFF + twpw after the read operation. 
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OPERATIONAL DESCRIPTION (cont’d) 

Retransmit 

The FIFO can be made to reread previously-read data 
by means of the Retransmit function. A retransmit opera- 
Is initiated by pulsing the RT input LOW. Both R and 
W must be deasserted (HIGH) for the duration of the 
retransmit pulse. The FIFO’s internal read-address 
pointer is reset to point to location zero, the first physical 
memory location, while the internal write-address 
pointer remains unchanged. 

After a retransmit operation, those data words in the 
region In between the read-address pointer and the 
write-address pointer may be reaccessed by subsequent 
read operations. A retransmit operation may affect the 
state of the status flags FF, HF, and EF, depending on 
the relocation of the read-address pointer. There Is no 
restriction on the number of times that a block of data 
within an LH540203 may be read out, by repeating the 
retransmit operation and the subsequent read operations. 

The maximum length of a data block which may be 
retransmitted is 2048 words. Note that If the write-address 
pointer ever “wraps around’ (I.e., passes location zero 
more than once) during a sequence of retransmit opera¬ 
tions, some data words will be lost. 

The Retransmit function Is not available when the 
LH540203 is_qperatlng in depth-cascaded mode, 
because the FL/RT control pin must be used for first-load 
selection rather than for retransmission control. 


Table 2. Expansion-Pin Usage According to 
Grouping Mode 


I/O 

PIN 

STANDALONE 

CASCADED 

MASTER 

CASCADED 

SLAVE 

1 

>a 

Grounded 

From )CO 

(n-1st 

FIFO) 

From 

XO 

(n-1st 

FIFO) 

o 

)^/Rf 

Becomes 

HF 

ToX\ 

(n-i-1st 

FIFO) 

JoX\ 

(n+lst 

FIFO) 

1 

Fim 

Becomes 

RT 

Grounded 

(Logic 

LOW) 

Logic 

HIGH 


Table 3. Status Flags 


NUMBER OF UNREAD DATA 
WORDS PRESENT WITHIN 
2048 X 9 FIFO 

FF 

HF 

EF 

0 

H 

H 

L 

1 to 1024 

H 

H 

H 

1025 to 2047 

H 

L 

H 

2048 

L 

L 

H 


Table 1. Grouping-Mode Determination 
During a Reset Operation 






_ 


XI 

FL/ 

MODE 

XO/HF 

XI 

FL/RT 

RT 

USAGE 

USAGE 

USAGE 

H' 

H 

Cascaded 

Slave ^ 


x\ 

FL 

H’ 

L 

Cascaded 
Master ^ 


x\ 

FL 

L 

X 

Standalone 

HF 

(none) 

RT 


NOTES: _ 

1. A reset operation forces xo HIGH for the nth FIFO, thus forcing XI 

HIGH for the n+1stFIFO. 

2. The terms ‘master’ and ‘slave’ refer to operation in depth-cas¬ 

caded grouping mode. 

3. H = HIGH; L = LOW; X = Don’t Care. 
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OPERATIONAL MODES Width Expansion 

standalone Configuration Word-width expansion is impiemented by placing mul- 

^ ^ ... . ^ , tiple LH540203 devices in parallel. Each LH540203 

When depth rasradmg is not required for a given configured for standalone mode. In this ar- 

Wlicaton the LH540203 is placed m standalone mode rangement, the behavior of the status flags is identical for 

by tying the Expansion In input (XI) to ground. This gn (jevices; so, in principle, a representative value for 

inputisinternallysampledduringaresetoperation.{See each of these flags could be derived from any one device. 
Table 1.) practice, it is better to derive ‘composite’ flag values 

using external logic, since there may be minor speed 
variations between different actual devices. (See Figures 
4, 5, and 6.) 



Figure 4. Standalone FIFO (2048 x 9) 



Figure 5. FIFO Word-Width Expansion (2048 x 18) 
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OPERATIONAL MODES (cont’d) 

Depth Cascading 

Depth cascading is implemented by configuring the 
required number of LH540203S in depth-cascaded mode. 
In this arrangement, the FIFOs are connected in a circular 
fashion, with the Expansion Out outpuyxO) of each 
device tied to the Expansion In input (XI) of the next 
device. One FIFO in the cascade must be designated as 
the ‘first-load’ device, by tying Its First Load input (FL/RT) 
to ground. All other devic^ must_have their FL/RT inputs 
tied HIGH. In this mode, W and R signals are shared by 
all devices, while logic within each LH540203 controls the 
steering of data. Only one LH540203 is enabled during 
any given write cycle; thus, the common Data In inputs of 


ail devices are tied together. Likewise, only one 
LH540203 is enabled during any given read cycle; thus, 
the common Data Out outputs of ail devices are wire- 
ORed together. 

In depth-cascaded mode, external logic should be 
used to generate a composite Full Flag and a composite 
Empty Flag, by ANDing the FF outputs of ail LH540203 
devices togetherjnd ANDing the EF outputs of all devices 
together. Since FF and EF are assertive-LOW signals, 
this ‘ANDing’ actually is implemented using an asser- 
tive-HIGH physical OR gate. The Half-Full Flag and the 
Retransmit function are not available In depth-cascaded 
mode. 



540203-191 


Figure 6. FIFO Depth Cascading (6144 x 9) 
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OPERATIONAL MODES (cont’d) 

Compound FIFO Expansion 

A combination of word-width expansion and depth 
cascading may be implemented easily by operating 
groups of depth-cascaded FIFOs In parallel. 

Bidirectional FIFO Operation 

Bidirectional data buffering between two systems may 
be implemented by operating LH540203 devices in par¬ 
allel, but in opposite directions. The Data In inputs of each 


LH540203 are tied to the corresponding Data Out outputs 
of another LH540203, which is operating in the opposite 
direction, to form a single bidirectional bus interface. Care 
must be taken to assure that the appropriate read, write, 
and flag signals are routed to each system. Both word- 
width expansion and depth cascading may be used in 
bidirectional applications. 



540203-201 


Figure 7. Compound FIFO Expansion 
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Figure 8. Bidirectional FIFO Operation 
(2048x9x2) 
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ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Supply Voltage to Vss Potential 

-0.5Vto7V 

Signal Pin Voltage to Vss Potential ^ 

“0.5 V to Vec + 0.5 V (not to exceed 7 V) 

DC Output Current ^ 

±50 mA 

Storage Temperature Range 

-65°Cto150°C 

Power Dissipation (Package Limit) 

1.0W 

DC Voltage Applied to Outputs In High-Z State 

“0.5 V to Vec + 0.5 V (not to exceed 7 V) 


NOTES: 


1. Stresses greater than those listed under ‘Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions outside of those indicated In the ‘Operating 
Range’ of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 

3. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

OPERATING RANGE 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Ta 

Temperature, Ambient 

0 

70 

°C 

Vec 

Supply Voltage 

4.5 

5.5 

V 

Vss 

Supply Voltage 

0 

0 

V 

ViL 

Logic LOW Input Voltage ^ 

“0.5 

0.8 

V 

ViH 

Logic HIGH Input Voltage 

2.0 

Vcc + 0.5 

V 


NOTE: 

1. Negative undershoots of 1.5 V In amplitude are permitted for up to 10 ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

Ili 

Input Leakage Current 

Vcc = 5.5 V, ViN = 0 V to Vcc 

“10 

10 

HA 

Ilo 

Output Leakage Current 

R > ViH, 0 V < VoUT ^ Vcc 

“10 

10 

HA 

VOH 

Output HIGH Voltage 

IOH = -2.0mA 

2.4 


V 

VoL 

Output LOW Voltage 

loL = 8.0 mA 


0.4 

V 

Icc 

Average Supply Current ^ 

Measured at f = 40 MHz 


100 

mA 

ICC2 

Average Standby Current ^ 

All Inputs = ViH 


15 

mA 

ICC3 

Power Down Current ^ 

All Inputs = Vcc - 0.2V 


5 

mA 


NOTE: 

1. Icc, Icc 2 , and Ices are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

VSS to 3 V 

Input Rise and Fall Times (10% to 90%) 

5 ns 

Input Timing Reference Levels 

1.5 V 

Output Reference Levels 

1.5 V 

Output Load, Timing Tests 

Figure 9 



* INCLUDES JIG AND SCOPE CAPACITANCES 


Figure 9. Output Load Circuit 


NOTES: 

1. Sample tested only. 

2. Capacitances are maximum values at 25°C, measured at 1.0 MHz, with Vin = 0 V. 


CAPACITANCE 


1 

PARAMETER 

RATING 

CiN (Input Capacitance) 

5pF 

Gout (Output Capacitance) 

7pF 


540203-41 
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AC ELECTRICAL CHARACTERISTICS ^ (Over Operating Range) 


SYMBOL 

PARAMETER 

tA= 15 ns 

tA = 20 ns 

tA = 25 ns 

tA = 35 ns 

tA = 50 ns 

UNIT 

ilBI!! 

BW!1 


iBW!l 

■SSI 


IWH 


\fBSM 


READ CYCLE TIMING 

tRC 

Read Cycle Time 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

ns 

tA 

Access Time 

- 

15 

- 

20 

- 

25 

- 

35 

- 

50 

ns 

tRR 

Read Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

15 

- 

ns 

tRPW 

Read Pulse Width ^ 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tRLZ 

Data Bus Active from Read LOW^ 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tWLZ 

Data Bus Active from Write HIGH 

10 

- 

10 

_ 

10 

- 

10 

- 

10 

- 

ns 

tDV 

Data Valid from Read Pulse HIGH 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tRHZ 

Data Bus High-Z from Read HIGH ^ 

- 

15 

- 

1^ 

- 

15 

- 

15 

- 

20 

ns 

WRITE CYCLE TIMING 

twc 

Write Cycle Time 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

ns 

tWPW 

Write Pulse Width ^ 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tWR 

Write Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

15 

- 

ns 

tDS 

Data Setup Time 

10 

- 

10 

- 

10 

- 

15 

- 

20 

- 

ns 

tDH 

Data Hold Time 

0 


0 

- 

0 

- 

0 

- 

0 

- 

ns 

RESET TIMING 

tRSC 

Reset Cycle Time 

25 


30 

- 

35 

- 

45 

- 

65 

- 

ns 

tRS 

Reset Pulse Width ^ 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tRSR 

Reset Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

15 

- 

ns 

tRRSS 

Read HIGH to RS HIGH 

15 

- 

20 


25 

- 

35 

- 

50 

- 

ns 

tWRSS 

Write HIGH to RS HIGH 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

RETRANSMIT TIMING ’ 

tRTC 

Retransmit Cycle Time 

25 

- 

30 

- 

35 

- 

45 

- 

65 

- 

ns 

tRT 

Retransmit Pulse Width ^ 

15 

- 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tRTR 

Retransmit Recovery Time 

10 

- 

10 

- 

10 


10 

- 

15 

- 

ns 

FLAG TIMING 

tEFL 

Reset LOW to Empty Flag LOW 

- 

25 

- 

30 

- 

35 

- 

45 

- 

65 

ns 

tHFH,FFH 

Reset LOW to Half-Full and Full 

Flags HIGH 

- 

25 

- 

30 

- 

35 


45 

- 

65 

ns 

tREF 

Read LOW to Empty Flag LOW 

- 

15 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

tRFF 

Read HIGH to Full Flag HIGH 

- 

15 


20 

- 

25 

- 

35 

- 

45 

ns 

tWEF 

Write HIGH to Empty Flag HIGH 

- 

15 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

tWFF 

Write LOW to Full Flag LOW 

- 

15 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

tWHF 

Write LOW to Half-Full Flag LOW 

- 

15 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

tRHF 

Read HIGH to Half-Full Flag HIGH 


15 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

EXPANSION TIMING 

tXOL 

Expansion Out LOW 

- 

18 

- 

20 


25 

- 

35 

- 

50 

ns 

tXOH 

Expansion Out HIGH 

- 

18 

- 

20 

- 

25 


35 

- 

50 

ns 

txi 

Expansion In Pulse Width 

15 


20 


25 

- 

35 

- 

50 

- 

ns 

txiR 

Expansion In Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

txis 

Expansion In Setup Time 

7 

- 

10 

- 

10 

- 

15 

- 

15 

- 

ns 


NOTES: 

1. All timing measurements are performed at 'AC Test Condition’ levels. 

2. Pulse widths less than minimum value are not allowed. 

3. Values are guaranteed by design; not currently tested. 

4. Only applies to read-data flow-through mode. 

5. See also Note 2, Figure 19. 
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TIMING DIAGRAMS (cont’d) 



Figure IS. Half-Full Flag Timing 



Figure 19. Retransmit Timing 
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TIMING DIAGRAMS (cont’d) 



Figure 20. Expansion-Out Timing 



Figure 21. Expansion-In Timing 
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FEATURES 

• Fast Access Times: 20/25/35/50 ns 

• Fast-Fall-Through Time Architecture Based on 
CMOS Dual-Port SRAM Technology 

• Input Port and Output Port Have Entirely 
Independent Timing 

• Expandable In Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Data Retransmission Capability 

• TTL-CompatIble I/O 

• Pin and Functionally Compatible with Sharp LH5499 
and with Am/IDT/MS7204 

• Control Signals Assertive-LOW for Noise Immunity 

• Packages: 

28-Pin, 300-mil PDIP 
28-Pin, 600-mil PDIP* 

28-Pin, 300-mil SOJ * 

32-Pin PLCC 


PIN CONNECTIONS 


28-PIN PDIP 





TOP VIFW 

28-PIN SOJ * 

w C 

1 • 

28 

^ Vcc 



Da ^ 

2 

27 

□ d. 



D3C 

3 

26 

□ Do 



D2 d 

4 

25 

H D@ 



Did 

5 

24 

□ Dr 



Do C 

6 

23 

□ FURT 



x\C 

7 

22 

□ ^ 



^d 

8 

21 

□ EF 



Qo C 

9 

20 

□ ^/HF 



QiC 

10 

19 

□Q 7 



Q2 d 

11 

18 

□ Qe 



Q3 d 

12 

17 

□ Q 5 



Qa C 

13 

16 

□ Q 4 



Vss F! 

14 

15 

□ r 







540204-20 


Figure 1. Pin Connections for PDIP * and 
SOJ * Packages 


FUNCTIONAL DESCRIPTION 

The LH540204 Is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS dual-port SRAM tech¬ 
nology, capable of storing up to 4096 nine-bit words. It 
follows the industry-standard architecture and package 
pinouts for nine-bit asynchronous FIFOs. Each nine-bit 
LH540204 word may consist of a standard eight-bit byte, 
together with a parity bit or a block-marking/framing bit. 

The Input and output ports operate entirely inde¬ 
pendently of each other, unless the LH540204 becomes 
either totally full or else totally empty. Data flow at a port 
is initiated by asserting either of two asynchronous, as- 
sertive-LOW controMnputs: Write (W) for data entry at the 
input port, or Read (R) for data retrieval at the output port. 

Full, Half-Full, and Empty status flags monitor the 
extent to which the Internal memory has been filled. The 
system may make use of these status outputs to avoid 
the risk of data loss, which otherwise might occur either 
by attempting to write additional words into an already-full 
LH540204, or by attempting to read additional words from 
an already-empty LH540204. When an LH540204 is 
operating In a depth-cascaded configuration, the Half-Full 
Flag is not available. 


32-PIN PLCC 

CO 

Q 

□□ 

Q 

J2 

1^ 

j::i 

b 

z 

JdL 

0 

>“ 

JIL 

o’ Q 

n n 

TOP VIEW 

D2 d 

5 

4 

3 

2 

1 

• 

32 

31 30 

29 

□ Do 

D, C 

6 






28 

□ Dr 

Do C 

7 






27 

□ NC 

x\ d 

8 






26 

□ FL/RT 

FF d 

9 






25 

□ RS 

Qo d 

10 






24 

□ ^ 

Q, C 

11 






23 

□ 

NC d 

12 






22 

□ Q7 

Q2 d 

13 

14 

15 

16 

17 

18 

21 

19 20 

□ Qe 

NOTE: * = f 

u u u u u u u 

0” 0“ ^ 0 1°: s 0 

Mo external electrical connections are allowed. 

540204-3D 


Figure 2. Pin Connections for PLCC Package 


* This is an Advance Information data sheet; except that all references to the 600-mil PDIP and SCXI packages still have Product Preview status. 
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FUNCTIONAL DESCRIPTION (confd) 

Data words are read out from the LH540204’s output 
port in precisely the same order that they were written in 
at its input port; that is, according to a First-In, First Out 
(FIFO) queue discipline. Since the addressing sequence 
for a FIFO device’s memory is internally predefined, no 
external addressing Information is required for the opera¬ 
tion of the LH540204 device. 

Drop-in-replacement compatibility is maintained with 
both larger sizes and smaller sizes of Industry-standard 
nine-bit asynchronous FIFOs. The only change is in the 
number of Internally-stored data words implied by the 
states of the Full Flag and the Half-Full Flag. 

The Retransmit (Rf) control signal causes the internal 
FIFO-memory-array read-address pointer to be set back 
to zero, to point to the LH540204’s first physical memory 
location, without affecting the internal FIFO-memory- 
array write-address pointer. Thus, the Retransmit control 
signal provides a mechanism whereby a block of data, 
delimited by the zero physical address and the current 
write-address-poInter value, may be read out repeatedly 
an arbitrary number of times. The only restrictions are that 
neither the read-address pointer nor the write-address 
pointer may ‘wrap around’ during this entire process, i.e., 
advance past physical location zero after traversing the 
entire memory. The retransmit facility is not available 
when an LH540204 is operating in a depth-expanded 
configuration. 


The Reset (RS) control signal returns the LH540204 
to an initial state, empty and ready to be filled. An 
LH540204 should be reset during every system power-up 
sequence. A reset operation causes the internal FIFO- 
memory-array write-address pointer, as well as the read- 
address pointer, to be set back to zero, to point to the 
LH540204’s first physical memory location. Any informa¬ 
tion which previously had been stored within the 
LH540204 is not recoverable after a reset operation. 

A cascading (depth-expansion) scheme may be Imple¬ 
mented by using th e Expan sion In (XI) input signal and 
the Expansion Out (XO/HF) output signal. This allows a 
deeper ‘effective FIFO’ to be implemented by using two 
or more LH540204 devices, without incurring additional 
latency (‘fallthrough’ or ‘bubblethrough’) delays, and with¬ 
out the necessity of storing and retrieving any given data 
word more than once. In this cascaded operating mode, 
one LH540204 device must be designated as the ‘first- 
loader ‘master’ device, by grounding its First-Load 
(FL/RT) control input; the remaining LH540204 devices 
are designated as ‘slaves,’ by tying their FL/RT inputs 
HIGH. Because of the need to share control signals on 
pins, the Half-Full Flag and the retransmission capability 
are not available for either ‘master’ or ‘slave’ LH540204 
devices operating in cascaded mode. 



Figure 3. LH540204 Block Diagram 
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PIN DESCRIPTIONS 


PIN 

PIN TYPE* 

DESCRIPTION 

Do - Ds 

1 

Input Date Bus 

Qo-Qs 

on 

Output Date Bus 

W 

1 

Write Request 

R 

1 

Read Request 

EF 

0 

Empty Flag 

FF 

0 

Full Flag 


* I = Input, O = CXitput, Z = High-Impedance, V = Power Voltage Level 


PIN 

PIN TYPE * 

DESCRIPTION 

)®/HF 

0 

Expansion Oul/Half-Full Flag 

X\ 

1 

Expansion In 

FCyRT 

1 

First Load/Retransmit 

RS 

1 

Reset 

Vcc 

V 

Positive Power Supply 

Vss 

V 

Ground 


OPERATIONAL DESCRIPTION 

Reset 

The LH540204 is reset whenever the Reset input (^) 
is taken LOW. A reset operation initializes both the read- 
address pointer and the write-address pointer to point to 
location zero, the first physical memory location. During 
a reset operation, the state of the XI and FL/RT Inputs 
determines whether the device is in standalone mode or 
In depth-cascaded mode. (See Tables 1 and 2.) 

A reset operation Is required whenever the IJH540204 
first is powered up. The Read (R) and Write (W) inputs 
may be in any state when the reset operation Is initiated; 
but they must be HIGH, before the reset operation is 
terminated by a rising edge of RS, by a time tpRss (for 
Read) or twRSS (for Write) respectively. (See Figure 10.) 

Write 

_A write cycle is initiated by a falling edge of the Write 
(W) control Input. Data setup times and hold times must 
be observed for the data inputs (Do - Ds). Write opera¬ 
tions may occur independently of any ongoing read op¬ 
erations. However, a write operation is possible only If the 
FIFO is not full, (i.e., if the Full Flag FF is HIGH). 

At the falling edge of W for the first write operation after 
th^memory is half filled, the Half-Full Flag is asserted 
(HF = LOW). It remains asserted until the difference 
between the write pointer and the read pointer indicates 
that the data words remaining in the LH540204 are filling 
the FIFO memory to less than or equal to one-half of its 
t ota l capacity. The Half-Full Flag Is deasserted 
(HF = HIGH) by the appropriate rising edge of R. (See 
Table 3.) 

The Full Flag Is asserted (FF = LOW) at the falling edge 
of W for the write operation which fillsthe last available 
location in the FIFO memory array. FF = LOW inhibits 
further write operations until FF is cleared by a valid read 
operation. The Full Flag^is deasserted (FF = HIGH) after 
the next rising edge of R releases another memory loca¬ 
tion. (See Table 3.) 


Read 

_ A read cycle is initiated by a falling edge of the Read 
(R) control input. Read data becomes valid at the data 
outputs (Op - Qs) after a time tA from the falling edge of 
R. After R goes HIGH, the data outputs return to a 
high-impedance state. Read operations may occur inde¬ 
pendently of any ongoing write operations. However, a 
read operation Is possible only if the FIFO Is not empty 
(i.e., if the Empty Flag EF Is HIGH). 

The LH540204’s internal read-address and write- 
address pointers operate In such a way that consecutive 
read operations always access data words In the same 
order that they were written. The Empty Flag is asserted 
(EF = LOW) after that falling edge of R which accesses 
the last available data word in the FIFO memory. EFJs 
deasserted (EF = HIGH) after the next rising edge of W 
loads another valid data word. (See Table 3.) 

Data Flow-Through 

_ Read-data flow-through mode occurs when the Read 
(R) control input is brought LOW while the FIFO is empty, 
and Is held LOW In anticipation of a write cycle. At the end 
of the next write cycle, the Empty Flag EF momentarily is 
deasserted, and the data word just written becomes 
available at the data outputs (Qo - Qs) after a maxi¬ 
mum time of 1WEF+tA. Additional write operations may occur 
while the R input remains LOW; but only data from the 
first write operation flows through to the data outputs. 
Additlona[data words, if any, may be accessed only by 
toggling R. 

_Write-data flow-through mode occurs when the Write 
(W) input is brought LOW while the FIFO Is full, and is 
held LOW in anticipation of a read cycle. At the end of the 
read cycle, the Full Flag momentarily is deasserted, but 
then Immediately is reasserted in response to W being 
held LOW. A date word Is written into the FIFO on the 
rising edge of W, which may occur no sooner than 
tRFF + twpw after the read operation. 
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OPERATIONAL DESCRIPTION (cont’d) 

Retransmit 

The FIFO can be made to reread previously-read data 
by means of the Retransmit function. A retransmit opera- 
ton is initiated by pulsing the RT input LOW. Both R and 
W must be deasserted (HIGH) for the duration of the 
retransmit pulse. The FIFO’s Internal read-address 
pointer is reset to point to location zero, the first physical 
memory location, while the Internal write-address 
pointer remains unchanged. 

After a retransmit operation, those data words In the 
region in between the read-address pointer and the 
write-address pointer may be reaccessed by subsequent 
read operations. A retransmit operation may affect the 
state of the status flags FF, HF, and EF, depending on 
the relocation of the read-address pointer. There is no 
restriction on the number of times that a block of data 
within an LH540204 may be read out, by repeating the 
retransmit operation and the subsequent read operations. 

The maximum length of a data block which may be 
retransmitted is 4096 words. Note that If the write-address 
pointer ever ‘wraps around’ (i.e., passes location zero 
more than once) during a sequence of retransmit opera¬ 
tions, some data words will be lost. 

The Retransmit function is not available when the 
LH540204 i^operating in depth-cascaded mode, 
because the FL/RT control pin must be used for first-load 
selection rather than for retransmission control. 


Table 2. Expansion-Pin Usage According to 
Grouping Mode 


I/O 

PIN 

STANDALONE 

CASCADED 

MASTER 

CASCADED 

SLAVE 

1 

X\ 

Grounded 

From)^ 

(n-1st 

FIFO) 

From>^ 

(n-1st 

FIFO) 

0 

^/HF 

Becomes 

HF 

To>a 

(n-i-lst 

FIFO) 

To^ 

(n-i-1st 

FIFO) 

1 

RjRf 

Becomes 

RT 

Grounded 

(Logic 

LOW) 

Logic 

HIGH 


TabieS. Status Flags 


NUMBER OF UNREAD DATA 
WORDS PRESENT WITHIN 
4096 x 9 FIFO 

FF 

HF 

EF 

0 

H 

H 

L 

1 to 2048 

H 

H 

H 

2049 to 4095 

H 

L 

H 

4096 

L 

L 

H 


Tablet. Grouping-Mode Determination 
During a Reset Operation 








XI 

FL/ 

RT 

MODE 

XO/HF 

USAGE 

XI 

USAGE 

FL/RT 

USAGE 

H' 

H 

Cascaded 

Slave 2 


X\ 

FL 

H' 

L 

Cascaded 
Master ^ 


X\ 

FL 

L 

X 

Standalone 

HF 

(none) 



NOTES: _ 

1. Areset operation forces XO HIGH for the nth FIFO, thus forcing 

XI HIGH for the n+lstFIFO. 

2. The terms ‘master’ and ‘slave’ refer to operation in depth-cas¬ 

caded grouping mode. 

3. H = HIGH; L= LOW; X= Don’t Care. 
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OPERATIONAL MODES Width Expansion 

Standalone Configuration Word-width expansion is implemented by placing mul- 

. ... tiple LH540204 devices in paraiiei. Each LH540204 

When depth rascading is not required for a given ^e configured for standalone mode. In this ar- 

Wlicafion, the LH54(K04 is placedji standalone rnode rangement. the behavior of the status flags is identical for 
by tying the Expansion In input (XI) to ground. This g,, ^ rinciple, a representative value for 

inputisinternallysampledduringaresetoperation.(See each of these flags could be derived from any one device. 
Table 1.) practice, It is better to derive ‘composite’ flag values 

using external logic, since there may be minor speed 
variations between different actual devices. (See Figures 
4, 5, and 6.) 



Figure 4. Standalone FIFO (4096 x 9) 



Figure 5. FIFO Word-Width Expansion (4096 x 18) 
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OPERATIONAL MODES (cont’d) 

Depth Cascading 

Depth cascading Is implemented by configuring the 
required number of LH540204s In depth-cascaded mode. 
In this arrangement, the FIFOs are connected in a circular 
fashion, with the Expansion Out outpu^XO) of each 
device tied to the Expansion In input (XI) of the next 
device. One FIFO in the cascade must be designated as 
the ‘first-load’ device, by tying its First Load input (FURT) 
to ground. All other devlc^ mustjiave their FL/RT Inputs 
tied HIGH. In this mode, W and R signals are shared by 
all devices, while logic within each LH540204 controls the 
steering of data. Only one LH540204 is enabled during 
any given write cycle; thus, the common Data In inputs of 


all devices are tied together. Likewise, only one 
LH540204 is enabled during any given read cycle; thus, 
the common Data Out outputs of all devices are wire- 
ORed together. 

In depth-cascaded mode, external logic should be 
used to generate a composite Full Flag and a composite 
Empty Flag, by ANDing the FF outputs of all LH540204 
devices together^d ANDing the EF outputs of all devices 
together. Since FF and EF are assertive-LOW signals, 
this ‘ANDing’ actually Is implemented using an assertive- 
HIGH physical OR gate. The Half-Full Flag and the 
Retransmit function are not available in depth-cas¬ 
caded mode. 



Figure 6. FIFO Depth Cascading (12288 x 9) 
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OPERATIONAL MODES (cont’d) 

Compound FIFO Expansion 

A combination of word-width expansion and depth 
cascading may be implemented easily by operating 
groups of depth-cascaded FIFOs In parallel. 

Bidirectional FIFO Operation 

Bidirectional data buffering between two systems may 
be Implemented by operating LH540204 devices in par¬ 
allel, but in opposite directions. The Data In Inputs of each 


LH540204 are tied to the corresponding Data Out outputs 
of another LH540204, which is operating in the opposite 
direction, to form a single bidirectional bus interface. Care 
must be taken to assure that the appropriate read, write, 
and flag signals are routed to each system. Both word- 
width expansion and depth cascading may be used in 
bidirectional applications. 



Figure 7. Compound FIFO Expansion 



(4096 x 9 x 2) 
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ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Supply Voltage to Vss Potential 

-0.5 V to 7 V 

Signal Pin Voltage to Vss Potential ^ 

-0.5 V to Vec + 0.5 V (not to exceed 7 V) 

DC Output Current ^ 

±50 mA 

Storage Temperature Range 

-65°Cto150°C 

Power Dissipation (Package Limit) 

1.0W 

DC Voltage Applied to Outputs In High-Z State 

-0.5 V to Vec + 0.5 V (not to exceed 7 V) 


NOTES: 

1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions outside of those indicated in the ‘Operating 
Range’ of this specification is not implied. Exposure to absolute ma)dmum rating conditions for extended periods may affect reliability. 

2. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 

3. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

OPERATING RANGE 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNrr 

Ta 

Temperature, Ambient 

0 

70 

°C 

Vec 

Supply Voltage 

4.5 

5.5 

V 

Vss 

Supply Voltage 

0 

0 

V 

ViL 

Logic LOW Input Voltage ^ 

-0.5 

0.8 

V 

ViH 

Logic HIGH Input Voltage 

2.0 

Vec + 0.5 

V 


NOTE: 

1. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

Ili 

Input Leakage Current 

Vec = 5.5 V, ViN = 0 V to Vec 

-10 

10 

ma 

Ilo 

Output Leakage Current 

R > ViH, 0 V < VouT ^ Vec 

-10 

10 

mA 

VoH 

Output HIGH Voltage 

loH = -2.0mA 

2.4 


V 

VoL 

Output LOW Voltage 

lOL = 8.0 mA 


0.4 

V 

Icc 

Average Supply Current ^ 

Measured at f = 33 MHz 


110 

mA 

ICC2 

Average Standby Current ^ 

All Inputs = ViH 


15 

mA 

ICC3 

Power Down Current ^ 

All Inputs = Vec - 0.2V 


8 

mA 


NOTE: 

1 • Icc, Icc 2 , and Ices are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

Vss to 3 V 

Input Rise and Fall Times (10% to 90%) 

5 ns 

Input Timing Reference Levels 

1.5 V 

Output Reference Levels 

1.5 V 

Output Load, Timing Tests 

Figure 9 


CAPACITANCE 


PARAMETER 

RATING 

CiN (Input Capacitance) 

5pF 

CouT (Output Capacitance) 

7pF 



Figure 9. Output Load Circuit 


NOTES: 

1. Sample tested only. 

2. Capacitances are maximum values at 25°C, measured at 1.0 MHz, with Vin = 0 V. 
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AC ELECTRICAL CHARACTERISTICS ^ (Over Operating Range) 


SYMBOL 

PARAMETER 

tA = 20 ns 

tA = 25 ns 

tA = 35ns 

tA = 50 ns 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

READ CYCLE TIMING 

tRC 

Read Cycle Time 

30 

- 

35 

- 

45 

- 

65 

- 

ns 

tA 

Access Time 

- 

20 

- 

25 

- 

35 

- 

50 

ns 

tRR 

Read Recovery Time 

10 

- 

10 

- 

10 

- 

15 

- 

ns 

tRPW 

Read Pulse Width 2 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tRLZ 

Data Bus Active from Read LOW^ 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tWLZ 

Data Bus Active from Write HIGH 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

tDV 

Data Held Valid from Read Pulse HIGH 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tRHZ 

Data Bus High-Z from Read HIGH ^ 

- 

15 

- 

15 

- 

15 

- 

20 

ns 

WRITE CYCLE TIMING 

twc 

Write Cycle Time 

30 

- 

35 

- 

45 

- 

65 

- 

ns 

tWPW 

Write Pulse Width ^ 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tWR 

Write Recovery Time 

10 

- 

10 

- 

10 

- 

15 

- 

ns 

tDS 

Data Setup Time 

10 

- 

10 

- 

15 

- 

20 

- 

ns 

tDH 

Data Hold Time 

0 


0 

- 

0 

- 

0 

- 

ns 

RESET TIMING 

tRSC 

Reset Cycle Time 

30 

- 

35 

- 

45 

- 

65 

- 

ns 

tRS 

Reset Pulse Width ^ 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tRSR 

Reset Recovery Time 

10 

- 

10 

- 

10 

- 

15 

- 

ns 

tRRSS 

Read HIGH to ^ HIGH 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tWRSS 

Write HIGH to RS HIGH 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

RETRANSMIT TIMING^ | 

tRTC 

Retransmit Cycle Time 

30 

- 

35 

- 

45 

- 

65 

- 

ns 

tRT 

Retransmit Pulse Width ^ 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tRTR 

Retransmit Recovery Time 

10 

- 

10 

- 

10 

- 

15 

- 

ns 

FLAG TIMING | 

tEFL 

Reset LOW to Empty Flag LOW 

- 

30 

- 

35 

- 

45 

- 

65 

ns 

tHFH.FFH 

Reset LOW to Half-Full and Full Flags HIGH 

- 

30 

- 

35 

- 

45 

- 

65 

ns 

tREF 

Read LOW to Empty Flag LOW 


20 

- 

25 

- 

35 

- 

45 

ns 

tRFF 

Read HIGH to Full Flag HIGH 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

tWEF 

Write HIGH to Empty Flag HIGH 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

tWFF 

Write LOW to Full Flag LOW 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

tWHF 

Write LOW to Half-Full Flag LOW 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

tRHF 

Read HIGH to Half-Full Flag HIGH 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

EXPANSION TIMING 

tXOL 

Expansion Out LOW 

- 

20 

- 

25 

- 

35 

- 

50 

ns 

tXOH 

Expansion Out HIGH 

- 

20 

- 

25 

- 

35 

- 

50 

ns 

txi 

Expansion In Pulse Width 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tXIR 

Expansion In Recovery Time 

10 


10 

- 

10 

- 

10 

- 

ns 

txis 

Expansion in Setup Time 

10 


10 

- 

15 

- 

15 

- 

ns 


NOTES: 

1. All timing measurements are performed at ‘AC Test Condition’ levels. 

2. Pulse widths less than minimum value are not allowed. 

3. Values are guaranteed by design; not currently tested. 

4. Only applies to read-data flow-through mode. 

5. See also Note 2, Figure 19. 
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TIMING DIAGRAMS (cont’d) 



Figure 18. Half-Full Flag Timing 



Figure 19. Retransmit Timing 
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TIMING DIAGRAMS (cont’d) 



Figure 20. Expansion-Out Timing 



Figure 21. Expansion-In Timing 
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FEATURES 

• Fast Access Times: 20/25/35/50 ns 

• Fast-Fall-Through Time Architecture Based on 
CMOS Dual-Port SRAM Technology 

• Input Port and Output Port Have Entirely 
Independent Timing 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Data Retransmission Capability 

• TTL-CompatIble I/O 

• Pin and Functionally Compatible with Am/IDT7205 

• Control Signals Assertive-LOW for Noise Immunity 

• Packages: 

28-Pin, 300-mil PDIP 
28-Pin, 600-mll PDIP * 

FUNCTIONAL DESCRIPTION 

The LH540205 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS dual-port SRAM tech¬ 
nology, capable of storing up to 8192 nine-bit words. It 
follows the industry-standard architecture and package 
pinouts for nine-bit asynchronous FIFOs. Each nine-bit 
LH540205 word may consist of a standard eight-bit byte, 
together with a parity bit or a block-marking/framing bit. 

The input and output ports operate entirely inde¬ 
pendently of each other, unless the LH540205 becomes 
either totally full or else totally empty. Data flow at a port 
is initiated by asserting either of t^ asynchronous, as- 
sertive-LOW controHnputs: Write (W) for data entry at the 
input port, or Read (R) for data retrieval at the output port. 

Full, Half-Full, and Empty status flags monitor the 
extent to which the internal memory has been filled. The 
system may make use of these status outputs to avoid 
the risk of data loss, which otherwise might occur either 
by attempting to write additional words into an already-full 
LH540205, or by attempting to read additional words from 
an already-empty LH540205. When an LH540205 is 
operating in a depth-cascaded configuration, the Half-Full 
Flag is not available. 

Data words are read out from the LH540205’s output 
port in precisely the same order that they were written in 
at its input port; that is, according to a First-In, First Out 


(FIFO) queue discipline. Since the addressing sequence 
for a FIFO device’s memory is internally predefined, no 
external addressing information is required for the opera¬ 
tion of the LH540205 device. 

Drop-ln-replacement compatibility is maintained with 
both larger sizes and smaller sizes of industry-standard 
nine-bit asynchronous FIFOs. The only change is In the 
number of internally-stored data words implied by the 
states of the Full Flag and the Half-Full Flag. 

The Retransmit (RT) control signal causes the internal 
FIFO-memory-array read-address pointer to be set back 
to zero, to point to the LH540205’s first physical memory 
location, without affecting the internal FIFO-memory- 
array write-address pointer. Thus, the Retransmit control 
signal provides a mechanism whereby a block of data, 
delimited by the zero physical address and the current 
write-address-pointer value, may be read out repeatedly 
an arbitrary number of times. The only restrictions are that 
neither the read-address pointer nor the write-address 
pointer may ‘wrap around’ during this entire process, i.e., 
advance past physical location zero after traversing the 
entire memory. The retransmit facility is not available 
when an LH540205 is operating in a depth-expanded 
configuration. 

PIN CONNECTIONS 


28-PIN PDIP 



1 TOP VIEW 

WC 

1 • 

28 

^ Vcc 

Db C 

2 

27 

□ D 4 

D 3 Cl 

3 

26 

□ Ds 

□2 C 

4 

25 

□ De 

Did 

5 

24 

□D 7 

Dq d 

6 

23 

□ FURT 

^d 

7 

22 

□ RS 


8 

21 

□ ef 

Qo C 

9 

20 

□ ^/HF 

Q-C 

10 

19 

□ Q/ 

Qa n 

11 

18 

□ Qe 

Qa C 

12 

17 

□ Qs 

Qs C 

13 

16 

□ Q4 

Vss C 

14 

15 

□ r 




540205-2D 


Figure 1. Pin Connections for PDIP Packages 


* This is an Advance Information data sheet; except that all references to the 600-mil PDIP still have Product Preview status. 
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FUNCTIONAL DESCRIPTION (confd) 

The Reset (RS) control signal returns the LH540205 
to an initial state, empty and ready to be filled. An 
LH540205 should be reset during every system power-up 
sequence. A reset operation causes the internal FIFO- 
memory-array write-address pointer, as well as the read- 
address pointer, to be set back to zero, to point to the 
LH540205’s first physical memory location. Any informa¬ 
tion which previously had been stored within the 
LH540205 is not recoverable after a reset operation. 

Acascading (depth-expansion) scheme may be imple¬ 
mented by using th e Expan sion In (XI) input signal and 
the Expansion Out (XO/HF) output signal. This scheme 


allows a deeper ‘effective FIFO’ to be implemented by 
using two or more individual LH540205 devices, without 
incurring additional latency (‘fallthrough’ or ‘bub- 
blethrough’) delays, and without the necessity of storing 
and retrieving any given data word more than once. In this 
cascaded operating mode, one LH540205 device must 
be designated as the l irst-loa d’ or ‘master’ device, by 
grounding Its First-Load (FL/RT) control input; the remain¬ 
ing LH540205 devices are designated as ‘slaves,’ by tying 
their FL/RT inputs HIGH. Because of the need to share 
control signals on pins, the Half-Full Flag and the retrans¬ 
mission capability are not available for either ‘master’ or 
‘slave’ LH540205 devices operating in cascaded mode. 



540205-11 


Figure 2. LH540205 Block Diagram 
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PIN DESCRIPTIONS 


PIN 

PIN TYPE * 

DESCRIPTION 

Q 

1 

8 

1 

Input Date Bus 

Qo-Qs 

on 

Output Data Bus 

W 

1 

Write Request 

R 

1 

Read Request 

EF 

0 

Empty Flag 

FF 

0 

Full Flag 


* I = Input, O = Output Z = High-Impedance, V = Power Voltage Level 


PIN 

PIN TYPE * 

DESCRIPTION 

WlW 

0 

Expansion Oul/Half-Full Flag 

xi 

1 

Expansion In 

fl/rT 

1 

First Load/Retransmit 

RS 

1 

Reset 

Vcc 

V 

Positive Power Supply 

Vss 

V 

Ground 


OPERATIONAL DESCRIPTION 

Reset 

The LH540205 is reset whenever the Reset input (RS) 
is taken LOW. A reset operation initializes both the read- 
address pointer and the write-address pointer to point to 
location zero, the first physical memory location. During 
a reset operation, the state of the XI and FL/RT inputs 
determines whether the device is in standalone mode or 
In depth-cascaded mode. (See Tables 1 and 2.) 

A reset operation Is required whenever the 1^540205 
first is powered up. The Read (R) and Write (W) inputs 
may be in any state when the reset operation is initiated; 
but they must be HIGH, before the reset operation Is 
terminated by a rising edge of RS, by a time tRpss (for 
Read) or twRSS (for Write) respectively. (See Figure 9.) 

Write 

_A write cycle is initiated by a falling edge of the Write 
(W) control input. Data setup times and hold times must 
be observed for the data inputs (Do - Ds). Write opera¬ 
tions may occur independently of any ongoing read op¬ 
erations. However, a write operation is possible only if the 
FIFO is not full, (i.e., if the Full Flag FF is HIGH). 

At the falling edge of W for the first write operation after 
tlT^memory is half filled, the Half-Full Flag is asserted 
(HF = LOW). It remains asserted until the difference 
between the write pointer and the read pointer indicates 
that the data words remaining In the LH540205 are filling 
the FIFO memory to less than or equal to one-half of its 
total capacity. The Half-Full Flag is dea^erted 
(HF = HIGH) by the appropriate rising edge of R. (See 
Table 3.) 

The Full Flag is asserted (FF=LOW) at the falling edge 
of W for the write operation which fills the last available 
location in the FIFO memor^array. FF = LOW inhibits 
further write operations until FF is cleared by a valid read 
operation. The Full Flag^ls deasserted (FF = HIGH) after 
the next rising edge of R releases another memory loca¬ 
tion. (See Table 3.) 


Read 

_ A read cycle is initiated by a falling edge of the Read 
(R) control Input. Read data becomes valid at the data 
outputs (Op - Qe) after a time tA from the falling edge of 
R. After R goes HIGH, the data outputs return to a 
high-impedance state. Read operations may occur inde¬ 
pendently of any ongoing write operations. However, a 
read operation is possible only if the FIFO is not empty 
(i.e., if the Empty Flag EF is HIGH). 

The LH540205’s Internal read-address and write- 
address pointers operate in such a way that consecutive 
read operations always access data words in the same 
order that they were written. The Empty Flag is asserted 
(EF = LOW) after that falling edge of R which accesses 
the last available data word In the FIFO memory. EFJs 
deasserted (EF = HIGH) after the next rising edge of W 
loads another valid data word. (See Table 3.) 

Data Flow-Through 

_ Read-data flow-through mode occurs when the Read 
(R) control input is brought LOW while the FIFO is empty, 
and is held LOW in anticipation of a write cycle. At the end 
of the next write cycle, the Empty Flag EF momentarily Is 
deasserted, and the data word just written becomes 
available at the data outputs (Qo - Qs) after a maxi¬ 
mum time of tWEF +U. Additional write operations may occur 
while the R input remains LOW; but only data from the 
first write operation flows through to the data outputs. 
Additional data words, if any, may be accessed only by 
toggling R. 

_Write-data flow-through mode occurs when the Write 
(W) input is brought LOW while the FIFO is full, and is 
held LOW in anticipation of a read cycle. At the end of the 
read cycle, the Full Flag momentarily is deasserted, but 
then immediately is reasserted in response to W being 
held LOW. A date word is written Into the FIFO on the 
rising edge of W, which may occur no sooner than 
tRFF + twpw after the read operation. 
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OPERATIONAL DESCRIPTION (cont’d) 

Retransmit 

The FIFO can be made to reread previously-read data 
by means of the Retransmit function. A retransmit opera¬ 
tion is initiated by pulsing the RT input LOW. Both R and 
W must be deasserted (HIGH) for the duration of the 
retransmit pulse. The FIFO’s internal read-address 
pointer is reset to point to location zero, the first physical 
memory location, while the internal write-address 
pointer remains unchanged. 

After a retransmit operation, those data words in the 
region in between the read-address pointer and the 
write-address pointer may be reaccessed by subsequent 
read operations. A retransmit operation may affect the 
state of the status flags FF, HF, and EF, depending on 
the relocation of the read-address pointer. There is no 
restriction on the number of times that a block of data 
within an LH540205 may be read out, by repeating the 
retransmit operation and the subsequent read operations. 

The maximum length of a data block which may be 
retransmitted is 8192 words. Note that if the write-address 
pointer ever ‘wraps around’ (i.e., passes location zero 
more than once) during a sequence of retransmit opera¬ 
tions, some data words will be lost. 

The Retransmit function is not available when the 
LH540205 j^operatlng In depth-cascaded mode, 
because the FL/RT control pin must be used for first-load 
selection rather than for retransmission control. 


Table 2. Expansion-Pin Usage According to 
Grouping Mode 


I/O 

PIN 

STANDALONE 

CASCADED 

MASTER 

CASCADED 

SLAVE 

1 

X\ 

Grounded 

From 

XO 

(n-1st 

FIFO) 

From 

XO 

(n-1st 

FIFO) 

O 

)^/HF 

Becomes 

HF 

ToX\ 

(n+lst 

FIFO) 

ToX\ 

(n-i-lst 

FIFO) 

1 

fOrt 

Becomes 

RT 

Grounded 

(Logic 

LOW) 

Logic 

HIGH 


TabieS. Status Fiags 


NUMBER OF UNREAD DATA 
WORDS PRESENT WITHIN 
8192x9 FIFO 

FF 

HF 

EF 

0 

H 

H 

L 

1 to 4096 

H 

H 

H 

4097 to 8191 

H 

L 

H 

8192 

L 

L 

H 


Table 1. Grouping-Mode Determination 
During a Reset Operation 


XI 

FU 

RT 

MODE 

XO/HF 

USAGE 

XI 

USAGE 

FURT 

USAGE 

Hi 

H 

Cascaded 

Slave ^ 


X\ 

FL 

H1 

L 

Cascaded 
Master ^ 


X\ 

FL 

L 

X 

Standalone 

HF 

(none) 



NOTES: _ 

1. Areset operation forces XO HIGH for the nth FIFO, thus forcing 

XI HIGH for the n+lstFIFO. 

2. The terms ‘master’ and ‘slave’ refer to operation in depth-cas¬ 

caded grouping mode. 

3. H = HIGH; L = LOW; X = Don’t Care. 
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OPERATIONAL MODES Width Expansion 

Standalone Configuration Word-width expansion is implemented by placing mul- 

^ ^ ^ ^ ^ tiple LH540205 devices in parallel. Each LH540205 

When depth cascading is not required for a given configured for standalone mode. In this ar- 

appiication, the LH540205 is piacedjn standalone mode rangement, the behavior of the status flags is identical for 

by tying the Expansion In input (XI) to ground. This devices; so, in principie, a representative value for 

inputisinternallysampledduringaresetoperation.(See each of these flags could be derived from any one device. 

^ In practice, it is better to derive ‘composite’ flag values 

using external logic, since there may be minor speed 
variations between different actual devices. (See Figures 
3 and 4.) 



Figures. Standalone FIFO(8192x9) 



Figure 4. FIFO Word-Width Expansion (8192 x 18) 
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OPERATIONAL MODES (cont’d) 

Depth Cascading 

Depth cascading is implemented by configuring the 
required number of LH540205S in depth-cascaded mode. 
In this arrangement, the FIFOs are connected in a circular 
fashion, with the Expansion Out outpuyXO) of each 
device tied to the Expansion In input (XI) of the next 
device. One FIFO in the cascade must be designated as 
the ‘first-load’ device, by tying its First Load input (FL/RT) 
to ground. All other devic^ must_have their FL/RT inputs 
tied HIGH. In this mode, W and R signals are shared by 
all devices, while logic within each LH540205 controls the 
steering of data. Only one LH540205 is enabled during 
any given write cycle; thus, the common Data In inputs of 


all devices are tied together. Likewise, only one 
LH540205 is enabled during any given read cycle; thus, 
the common Data Out outputs of all devices are wire- 
ORed together 

In depth-cascaded mode, external logic should be 
used to generate a composite Full Flag and a composite 
Empty Flag, by ANDIng the FF outputs of all LH540205 
devices together^d ANDing the EF outputs of all devices 
together. Since FF and EF are assertIve-LOW signals, 
this ‘ANDing’ actually is implemented using an assertive- 
HIGH physical OR gate. The Half-Full Flag and the 
Retransmit function are not available in depth-cas¬ 
caded mode. 



540205-19 


Figure 5. FIFO Depth Cascading (24576 x 9) 
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OPERATIONAL MODES (cont’d) oi another LH540205, which is operating in the opposite 

. direction, to form a single bidirectional bus interface. Care 

Compound FIFO Expansion ^ appropriate read, write, 

A combination of word-width expansion and depth and flag signals are routed to each system. Both word- 

cascading may be implemented easily by operating width expansion and depth cascading may be used in 

groups of depth-cascaded FIFOs in parallel. bidirectional applications. 

Bidirectional FIFO Operation 

Bidirectional data buffering between two systems may 
be implemented by operating LH540205 devices in par¬ 
allel, but in opposite directions. The Data In inputs of each 
LH540205 are tied to the corresponding Data Out outputs 



Figure 6. Compound FIFO Expansion 



Figure 7. Bidirectional FIFO Operation 
(8192x9x2) 
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ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Supply Voltage to Vss Potential 

-0.5Vto7V 

Signal Pin Voltage to Vss Potential ^ 

-0.5 V to Vec + 0.5 V (not to exceed 7 V) 

DC Output Current ^ 

± 50 mA 

Storage Temperature Range 

-65°Cto150°C 

Power Dissipation (Package Limit) 

1.0 w 

DC Voltage Applied to Outputs In High-Z State 

-0.5 V to Vec + 0.5 V (not to exceed 7 V) 


NOTES: 


1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions outside of those indicated in the ‘Operating 
Range’ of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 

3. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

OPERATING RANGE 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Ta 

Temperature, Ambient 

0 

70 

°C 

Vec 

Supply Voltage 

4.5 

5.5 

V 

Vss 

Supply Voltage 

0 

0 

V 

ViL 

Logic LOW Input Voltage ^ 

-0.5 

0.8 

V 

ViH 

Logic HIGH Input Voltage 

2.0 

Vec + 0.5 

V 


NOTE: 

1. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

lu 

Input Leakage Current 

Vec = 5.5 V, V|N = 0 V to Vec 

-10 

10 

HA 

Ilo 

Output Leakage Current 

R > ViH, 0 V < VoUT ^ Vcc 

-10 

10 

ma 

VOH 

Output HIGH Voltage 

Ioh = -2.0 mA 

2.4 


V 

VoL 

Output LOW Voltage 

lOL = 8.0 mA 


0.4 

V 

Icc 

Average Supply Current ^ 

Measured at f = 33 MHz 


110 

mA 

ICC2 

Average Standby Current ^ 

All Inputs = ViH 


15 

mA 

ICC3 

Power Down Current ^ 

All Inputs = Vcc - 0.2V 


8 

mA 


NOTE: 

1 ■ Icc, Icc 2 , and Ices are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

Vss to 3 V 

Input Rise and Fall Times (10% to 90%) 

5 ns 

Input Timing Reference Levels 

1.5 V 

Output Reference Levels 

1.5 V 

Output Load, Timing Tests 

Figure 8 


CAPACITANCE 


PARAMETER 

RATING 

CiN (Input Capacitance) 

5pF 

CouT (Output Capacitance) 

7pF 


1.1kQ 


DEVICE 

UNDER O- 

TEST 

680 Q 


+5 V 



* INCLUDES JIG AND SCOPE CAPACITANCES 


Figure 8. Output Load Circuit 


NOTES: 

1. Sample tested only. 

2. Capacitances are maximum values at 25°C, measured at 1.0 MHz, with Vin = 0 V. 
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ADVANCE INFORMATION CMOS 8192 x 9 Asynchronous FIFO 


AC ELECTRICAL CHARACTERiSTICS ^ (Over Operating Range) 


SYMBOL 

PARAMETER 

tA = 20 ns 

tA = 25 ns 

tA = 35 ns 

tA = 50 ns 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

READ CYCLE TIMING 

tRC 

Read Cycle Time 

30 

- 

35 

- 

45 

- 

65 

- 

ns 

tA 

Access Time 

- 

20 

- 

25 

- 

35 

- 

50 

ns 

tRR 

Read Recovery Time 

10 


10 

- 

10 

- 

15 

- 

ns 

tRPW 

Read Pulse Width ^ 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tRLZ 

Data Bus Active from Read LOW ^ 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tWLZ 

Data Bus Active from Write HIGH 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

tov 

Data Held Valid from Read Pulse 
HIGH 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tRHZ 

Data Bus High-Z from Read HIGH ^ 

- 

15 

- 

15 

- 

15 

- 

20 

ns 

WRITE CYCLE TIMING 

twc 

Write Cycle Time 

30 

- 

35 

- 

45 

- 

65 

- 

ns 

twpw 

Write Pulse Width ^ 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tWR 

Write Recovery Time 

10 

- 

10 

- 

10 

- 

15 

- 

ns 

tDS 

Data Setup Time 

10 

- 

10 

- 

15 

- 

20 

- 

ns 

tDH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

RESET TIMING 

tRSC 

Reset Cycle Tme 

30 

- 

35 

- 

45 

- 

65 

- 

ns 

tRS 

Reset Pulse Width ^ 

20 

- 

25 

- 

35 


50 

- 

ns 

tRSR 

Reset Recovery Time 

10 

- 

10 

- 

10 

- 

15 

- 

ns 

tRRSS 

Read HIGH to RS HIGH 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tWRSS 

Write HIGH to RS HIGH 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

RETRANSMIT TIMING^ | 

tRTC 

Retransmit Cycle Tme 

30 

- 

35 

- 

45 

- 

65 

- 

ns 

tRT 

Retransmit Pulse Width ^ 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tRTR 

Retransmit Recovery Time 

10 

- 

10 

- 

10 

- 

15 

- 

ns 

FLAG TIMING 

tEFL 

Reset LOW to Empty Flag LOW 

- 

30 

- 

35 

- 

45 

- 

65 

ns 

tHFH,FFH 

Reset LOW to Half-Full and Full 

Flags HIGH 

- 

30 

- 

35 

- 

45 

- 

65 

ns 

tREF 

Read LOW to Empty Flag LOW 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

tRFF 

Read HIGH to Full Flag HIGH 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

tWEF 

Write HIGH to Empty Flag HIGH 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

tWFF 

Write LOW to Full Flag LOW 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

tWHF 

Write LOW to Half-Full Flag LOW 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

tRHF 

Read HIGH to Half-Full Flag HIGH 

- 

20 

- 

25 

. - 

35 

- 

45 

ns 

EXPANSION TIMING 

txOL 

Expansion Out LOW 

- 

20 

- 

25 

- 

35 

- 

50 

ns 

tXOH 

Expansion Out HIGH 

- 

20 

- 

25 

- 

35 

- 

50 

ns 

txi 

Expansion In Pulse Width 

20 

- 

25 

- 

35 

- 

50 

- 

ns 

tXIR 

Expansion In Recovery Tme 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

txis 

Expansion in Setup Tme 

10 

- 

10 

- 

15 

- 

15 

- 

ns 


NOTES: 

1. All timing measurements are performed at ‘AC Test Condition’ levels. 

2. Pulse widths less than minimum value are not allowed. 

3. Values are guaranteed by design; not currently tested. 

4. Only applies to read-data flow-through mode. 

5. See also Note 2, Figure 18. 
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TIMING DIAGRAMS (cont’d) 



Figure 19. Expansion-Out Timing 
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Figure 20. Expansion-in Timing 


ORDERING INFORMATION 


LH540205 X - ## 

Device Type Package Speed 

20 
pc 

XI Access Time (ns) 
oo 

50 

Blank 28-pin, 600-mil Plastic DIP * (DIP28-P-600) 

D 28-pin, 300-mil Plastic DIP (DIP28-W-300) 

I-CMOS 8192 X 9 FIFO 

* This is an Advance information data sheet; except that all references to the 
600-mil Plastic DIP package still have Product Preview status. 

Example: LH540205-25 (CMOS 8192 x 9 FIFO, 28-pin, 600-mil DIP, 25 ns) 

_540205MD 
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PRELIMINARY 

512 X18 /1024 X18 Synchronous FIFO 


FEATURES 

• Fast Cycle Times: 20/25/35 ns 

• Pin-Compatible Drop-In Replacements for 
IDT72215B/25B FIFOs 

• Choice of IDT-Compatible or Enhanced Operating 
Mode; Selected by an Input Control Signal 

• Device Comes Up into One of Two Known Default 
States at Reset Depending on the State of the 
EMODE Control Input: Programming is Allowed, but 
is not Required 

• Internal Memory Array Architecture Based on CMOS 
Dual-Port SRAM Technology, 512 x 18 or 1024 x 18 

• ‘Synchronous’ Enable-Plus-Clock Control at Both 
Input Port and Output Port 

• Independently-Synchronized Operation of Input Port 
and Output Port 

• Control Inputs Sampled on Rising Clock Edge 

• Most Control Signals Assertive-LOW for 
Noise Immunity 


• May be Cascaded for Increased Depth, or 
Paralleled for Increased Width 

• 16-mA-loL Three-State Outputs 

• Five Status Flags: Full, Almost-Full, Half-Full, 
Almost-Empty, and Empty; ‘Almosf Flags are 
Programmable 

• In Enhanced Operating Mode, Almost-Full, 

Half-Full, and Almost-Empty Flags can be Made 
Completely Synchronous 

• In Enhanced Operating Mode, Duplicate Enables 
for Interlocked Paralleled FIFO Operation, for 
36-Bit Data Width, when Selected and 
Appropriately Connected 

• In Enhanced Operating Mode, Disabling 
Three-State Outputs Maybe Made to Suppress 
Reading 

• Data Retransmit Function 

• TTL/CMOS-Compatible I/O 

• Space-Saving 68-Pin PLCC Package 



RCK 

^1/REN2 

EF_ 

RXO/EF2 

PAE 

OE 


BOLD ITALIC s Enhanced Operating Mode. 
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Figure 1. LH540215/25 Block Diagram 
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PRELIMINARY 


512 & 1024 X18 Synchronous FIFO 


FUNCTIONAL DESCRIPTION 

NOTE: Throughout this data sheet, a BOLD ITAUC 
type font is used for all references to Enhanced Operat¬ 
ing Mode features which do not function in IDT-Compat- 
ible Operating Mode; and also for all references to the 
refransm/f facility (which is notan IDT72215B/25B FIFO 
feature), even though it may be used - subject to some 
restrictions - in either of these two operating modes. 
Thus, readers interested only in using the LH540215/25 
FIFOs In IDT-Compatible Operating Mode may skip over 
BOLD ITALIC sections, if they wish. 

The LH540215/25 are FIFO (First-In, First-Out) memory 
devices, based on fully-static CMOS dual-port SRAM tech¬ 
nology, capable of containing up to 512 or 102418-blt words 
respectively. They can replace two or more byte-wide FIFOs 
In many applications, for microprocessor-to-microprocessor 
or microprocessor-to-bus communication. Their architec¬ 
ture supports synchronous operation, tied to two inde¬ 
pendent free-running clocks at the input and output ports 
respectively. However, these ‘clocks’ also may be aperiodic, 
asynchronous ‘demand’ signals. Almost all control-input 
signals and status-output signals are synchronized to these 
clocks, to simplity system design. 

The input and output ports operate altogether inde¬ 
pendently of each other, unless the FIFO becomes either 
totally full or else totally empty. Data flow is initiated at a 
port by the rising edge of its corresponding clock, and is 
gated by the appropriate edge-sampled enable signals. 

The following FIFO status flags monitor the extent to 
which the internal memory has been filled: Full, Almost- 
Full, Half-Full, Almost-Empty, and Empty. The Almost-Full 
and Almost-Empty flag offsets are programmable over the 
entire FIFO depth; but, during a reset operation, each of 
these is initialized to a default offset value of 63 
(LH540215) or 127 (LH540225) FIFO-memory words, 
from the respective FIFO boundary. If this default offset 
value Is satisfactory, no further programming is required. 

After a reset operation during which the EMODE control 
input was not asserted (was HIGH), these FIFOs operate in 
the IDT-Compatible Oj^rating Mode. In this mode, each 
part is pin-compatible and functionally-compatible with the 
IDT72215B/25B part of similar depth and speed grade; and 
the Control Register ls not even accessible or visible to the 
external-system logic which is controlling the FIFO, although 
it still performs the same control functions. 

However, assertion of the EMODE control input 
during a reset operation leaves Control Register bits 
00-05 set, and causes the FIFO to operate in the 
Enhance d Operating Mode. In essence, asserting 
EMODE chooses a different default state for the Con¬ 
trol Register. The system optionally then may pro¬ 
gram the Control Register in any desired manner to 
activate or deactivate any or all of the Enhanced-Op- 
erating-Mode features which it can control, including 
seiectable-ciock-edge flag synchronization, and read 
inhibition when the data outputs are disabled. 

BOLD ITALIC = Enhanced Operating Mode 


Whenever EMODE is being asserted, interlocked- 
operation paralleling also is available, by appropriate 
interconnection of the FiFO*s expansion inputs. 

The retransmit facility is available during standalone 
operation, in either IDT-Compatible Operating Mode or 
Enhanced Opera^g Mode. (See Tables 1 and 2.) It Is 
Inoperative if the FURT input signal is grounded. It is not 
an IDT72215B/25B feature. The Retransmit control 
signal causes the internal FIFO read-address pointer 
to be set back to zero, without affecting the internal 
FIFO write-address pointer. Thus, the Retransmit 
control signal also provides a mechanism whereby a 
block of data delimited by the zero physical address 
and the current write-address-pointer address may 
be read out repeatedly, an arbitrary number of times. 
The only restrictions are that neither the read-ad- 
dress pointer nor the write-address pointer may 
'wrap around* during this entire process, and that the 
retransmit tecility is not available during depth-cas¬ 
caded operation, either in IDT-Compatible Operating 
Mode or in Enhanced Operating Mode. (See Tables 1 
and 2.) Also, the flags behave differently for a short 
time after a retransmit operation. Otherwise, the re¬ 
transmit facility is available during standalone opera¬ 
tion, in either IDT-Compatible Operating Mode or 
Enhanced Operating Mode. 

Programming the programmable-flag offsets, the tim¬ 
ing synchronization of the various status flags, the 
optional read-suppression functionality of OE, and 
the behavior of the pointers which access the offset-value 
registers and the Control Registermay be individually 
controlled by asserting the signal LD, without any reset 
operation. When LD is bei ng ass erted, and writing is 
being enabled by asserting WEN, some portion of the 
input bus word Do - D 17 is used at the next rising edge of 
WCLK to program one or more of the programmable 
registers on successive write clocks. Likewise, the values 
programmed into these programmable regist ers ma y be 
read out for verification by asserting LD and REN, with 
the outputs Qo - Q 17 enabled. Reading out these pro¬ 
grammable registers should not be initiated while they are 
being written into. Table 3 defines the possible modes of 
operation for loading and reading out the contents of 
programmable registers. 

In the Enhanced Operating Mode, coordinated op¬ 
eration of two 18-bit FIFOs as one 36-bit FIFO maybe 
ensured by 'interlocked* crosscoupiing of the status- 
flag outputs from each FIFO t o the e xpansion inputs 
of the other one; that is, FF to WXi/WENg, and EF to 
RXI/REN 2 , in both directions between two paralleled 
FIFOs. This 'interlocked* operation takes effect auto¬ 
matically, if two parallele d FIFOs are crossconnected 
in this manner, with the EMODE control input being 
asserted (LOW). (See Tables 1 and2.) IDT-compatible 
depth cascading no longer is available when operat¬ 
ing in this 'interlocked-paralieied* mode; however, 
pipelined depth cascading remains available. 
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" ® d 

Q Q Q > CC 


Vcc 

Qi4 

Qi3 

Vss 

Qi2 

Qii 

Vcc 

Qio 

Qg 

Vss 

Qa 

Qr 

EMODE 

Qa 

Qs 

Vss 

Q4 


BOLD ITALIC s Enhanced Operating Mode. 
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TOP VIEW 
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Figure 2. Pin Connections for PLCC Package 


SUMMARY OF SIGNALS/PINS 


PIN 

NAME 

Do-Di7 

Data Inputs 

RS 

Reset 

EMODE 

Enhanced Operating Mode 

WCLK 

Write Clock 

WEN 

Write Enable 

RCLK 

Read Clock 

REN 

Read Enable 

OE 

Output Enable 

LD 

Load 

FURT 

First Load/Retransmit 

VmWEAfe 

Write Expansion Input/Wr/te Enable 2 


PIN 

NAME 

R>a>WEAfe 

Read Expansion lnput/f7ea</E/iad/e2 

FF 

Full Flag 


Programmable Almost-Full Flag 

WXO/HF 

Write Expansion Output/Half-Full Flag 


Programmable Almost-Empty Flag 

EF 

Empty Flag 

R)^/EF2 

Read Expansion Output/Empty Flag 2 

Qo - Qi7 

Data Outputs 

Vcc 

Power 

Vss 

Ground 


BOLD ITALIC = Enhanced Operating Mode 
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PRELIMINARY 


512 & 1024 X18 Synchronous FIFO 


PIN DESCRIPTIONS 


PIN 

NAME 

PIN 

TYPE^ 

DESCRIPTION 

Do - Di7 

Data inputs 

I 

Data inputs from an 18-bit bus. 


Reset 

I 

When RS is taken LOW, the FIFO’s internal read an^rite pointers are set to 
address the first physical location of the RAM array; FF and PAF go HIGH; and 

PAE and EF oo LOW. The proarammable-flag-offset registers and the Control 
Register are set to their default values. (But see the description of EMODE, 
below.) A reset is required before an initial read or write operation after power-up. 


Enhanced 

Operating 

Mode 

/ 

When EMODE is held LOW, the default setting for Control Register bits 00- 
05 after a reset operation changes to HIGH rather than LOW, thus enabling 
ail Control-Register-controilable Enhanced Operating Mode features, and 
ailowina access to the Control Register for reprogramming or readback. 

(See Tables 1,2 and 5.) If this behavior is desired, EMODE may be 
grounded; however, Control Register bits 00-05 still may be individually 
programmed to selectively enable or disable certain of the Enhanced Mode 
features, even though those features associated with interlocked-paraiieied 
operation always are enabled whenever EMODE is being asserted. (See 

Table 2.) Alternatively, EMODE may be tied to Vcc, so that the FIFO is 
functionally IDT-compatibie, and the Control Register is not accessible or 
visible. Controlling EMODE dynamically during system operation is not 
recommended. 

EMODE 

WCLK 

Write Clock 

I 

Data is written into the FIFO on a LOW-to-HIGH transition of WCLK. whenever 
WEN (Write Enable) is being asserted (LOW), and LD is HIGH. If LD is LOW, a 
programmable register rather than the internal FIFO memory is written into. 

WEN 

Write Enable 

I 

When WEN is LOW and LD is HIGH, an 18-bit data word is written into the FIFO 
on every LOW-to-HIGH transition of WCLK. When WEN is HIGH, the FIFO 
internal memory continues to hold the previous data. (See Table 3.) Data will not 
be written into the FIFO if FF is LOW. In the Enhanced Operating Mode, WEN 2 
is ANDed with WEN to produce an effective internal write-enabie signal. ^ 

RCLK 

Read Clock 

I 

Data is read from the FIFO on a LOW-to-HIGH transition of RCLK whenever REN 
(Read Enable) is being asserted (LOW), and LD is HIGH. If LD is LOW, a 
programmable register rather than the internal FIFO memory is read from. 

Mn 

Read Enable 

I 

When REN Is LOW and LD is HIGH, an 18-bit data word is read from the FIFO 
on every LOW-to-HIGH transition of RCLK. When REN is HIGH, and/or also 
when EF is LOW, the FIFO’s output register continues to hold the previous data 
word, whether or not Qo - Q 17 (the data outputs) are enabled. (See Table 3.) in 

the Enhanced Operating Mode, REN 2 is ANDed with REN (and whenever 
Control Register bit 05 is HIGH, also with OE) to produce an effective 
internal read-enabie signal. ^ 

OE 

Output Enable 

I 

When OE Is LOW, the FIFO’s data outputs drive the bus to which they are 
connected. If OE is HIGH, the FIFO’s outputs are in high-Z (high-impedance) 
state. In the Enhanced Operating Mode, OE not only continues to control 
the outputs in this same manner, but also can function as an additional 
ANDing input to the combined effective read-enabie signal, along with REN 
and REN 2 , whenever Control Register bit 05 is HIGH. (See Table 5.) ^ 

LD 

Load 

I 

When LD is LOW, the data word on Do ~ D 17 (the data inputs) is written into a 
programmable-flag-offset register, or into the Control Register (when in the 
Enhanced Operating Mode), on the LOW-to-HIGH transition of WCLK, 
whenever WEN is LOW. (See Table 3.) Also, when LD Is LOW, a word Is read to 

Qo - Qi 7 (the data outputs) from the offset registers and/or the Control Register 
(when in the Enhanced Operating Mode) on the LOW-to-HIGH transition of 
RCLK, whenever REN is LOW. (See again Table 3.) When LD is HIGH, normal 
FIFO write and read operations are enabled. 


^ I = Input, O = Output, Z = High-Impedance, V = Power Voltage Level 
^ The ostensible differences in signal assertiveness are reconciled before ANDing. 
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PIN DESCRIPTIONS (confd) 


PIN 

NAME 

PIN 

TYPE^ 

DESCRIPTION 

F\JRT 

First Load/ 
Retransmit 

1 

In the standalone or paralleled configuration, FL may be grounded. However, in 
the standalone or paralleled configuration, if FL is taken HIGH, it functions 
instead as RT (Retransmit), and resets the FIFO’s internal read pointer to 
the first physical location of the RAM array. Note that although Retransmit 
is an ’enhanced’ feature, it is always available for a FIFO during standalone 
operation, whether the FIFO is in IDT-Compatible Operating Mode or in 
Enhanced Operating Mode: it is not reoulated bv the Control Reaister or bv 
the EMODE control input. In IDT-compatible cascaded configuration, FL has an 
entirely different function; it is grounded for the first FIFO device (the ‘master’ 
device or ‘first-load’ device), and is set to HIGH for all other FIFO devices in the 
daisy chain. Thus, the Retransmit ieature is not available for FIFOs operating in 
a cascaded configuration. The external differences in signal assertiveness are 
reconciled before ANDing. ^ 

\im/WEN2 

Write Expansion 
input/Write 
Enable 2 

1 

This signal is dual-purpose; its functionality is determined during a reset 
operation, according to its own state, and also according to the states of the three 
other control inputs RXI/REAfe, FURT, and EMODE. (See Tables 1 and 2.) In the 
standalone or paralleled configuration, WXI/VI/EN 2 is grounded. In the cascaded 
configuration, WXI/IVEAfe Is connected to WXO (Write Expansion Output) of the 
previous device, and functions as WXI. In the Enhanced Operating Mode, 
WXI/WEN 2 functions as a second write-enable signal, WEN 2 , which is 

ANDed with WEN to produce an effective internal write-enable signal. ^ 

m\/REN2 

Read Expansion 
Input/Read 
Enable 2 

1 

This signal is dual-purpose; its functionality Is determined during a reset 
operation, according to its own state, and also according to the states of the three 
other control inputs WXl/WENz FURT, and EMODE. (See Tables 1 and 2.) In 
the standalone or paralleled configuration. RXI/REN 2 is grounded. In the 
cascaded configuration, RXI/REN 2 is connected toRXO (Read Expansion 

Output) of the previous device, and functions as RXI. In the Enhanced 

Operating Mode, RXI/REN 2 functions as a second read-enable signal, REN 2 , 
which is ANDed with REN - and perhaps also with OE, if Control-Register 
bit 05 is HIGH - to produce an effective internal read-enable signal. ^ 

FF 

Full Flag 

0 

When FF is LOW, the FIFO is full; further advancement of its internal write-_ 

address pointer, and furth^ata writes into its inputs, are inhibited. When FF is 
HIGH, the FIFO is not full. FF is synchronized to WCLK. FF is functionally 
equivalent to an assertive-HIGH ‘Input Read/ status output signal. 


Programmable 
Almost-Full Flag 

0 

When PAF Is LOW, the FIFO is ‘almost full,’ based on the almost-full-offset value 
programmed into the FIFO. The default value of this offset at reset is one-eighth 
of the total number of words In the FIFO-memory array, minus one, measured 
from ‘full.’ (See Table 4.) In the IDT-Compatible Operating Mode, PAF is 
asynchronous. In the Enhanced Operating Mode, PAF is synchronized to 
WCLK after a reset operation, according to the state of Control Register bit 

04. (See Table 5.) 

WXO/HF 

Write Expansion 
Output/ 

Half-Full Flag 

0 

This signal is dual-purpose; its functionality is determined during a reset operation 
according to the states of the two control inputs WXI/WEW 2 and RX\/REN 2 . (See 
Tables 1 and 2.) In the standalone or paralleled configuration, whenever HF is 

LOW the device is more than half full. In IDT-Compatible Operating Mode, HF is 
asynchronous; in the Enhanced Operating Mode, HFmay be synchronized 
either to WCLK or to RCLK after a reset operation, according to the state of 
Control Register bits 02 and 03. (See Tabie 5.) In the IDT-compatible cascaded 
configuration, a pulse is sent from WXO to the WXI input of the next FIFO in the 
daisy-chain cascade, whenever the last location in the FIFO is written. 


^ I = Input, O = Output, Z = High-Impedance, V = Power Voltage Level 
^ The ostensible differences in signal assertiveness are reconciled before ANDing. 


BOLD ITALIC = Enhanced Operating Mode 


SHARR 


5-197 






LH540215/25 


PRELIMINARY 


512 & 1024 X18 Synchronous FIFO 


PIN DESCRIPTIONS (confd) 


PIN 

NAME 

PIN 

TYPE^ 

DESCRIPTION 


Programmable 

Almost-Empty 

Flag 

0 

When PAE is LOW, the FIFO is ‘almost empty,’ based on the almost-empty-offset 
value programmed into the FIFO. The default value of this offset at reset is one- 

eighth of the total number of words In the FIFO-memory array, minus one, _ 

measured from ‘empty’ (See Table 4.) In IDT-Compatible Operating Mode, PAE is 
asynchronous. In the Enhanced Operating Mode, PAE is synchronized to 
RCLK after a reset operation, according to the state of Control Register bit 
01.(SeeTabie5.) 

EF 

Empty Flag 

0 

When EF is LOW, the FIFO is empty; further advancement of its Internal read- 
address pointer, and further changes in the data wor^resent at its outputs, are 
inhibited. When EF is HIGH, the FIFO is not empty. EF is synchronized to RCLK. 
EF is functionally equivalent to an assertive-HIGH ‘Output Read/ status output 
signal. 

H^/EF2 

Read Expansion 
Output 

0 

This signal is dual-purpose; its functionality is determined by the state of the 
EMODE control input during a reset operation. (See Tables 1 and 2.) In the IDT- 
Compatible Operating Mode, in a cascaded configuration, a pulse is sent from 

RXO to the RXl input of the next FIFO in the daisy-chain cascade, whenever the 
last location of the FIFO is read. In the Enhanced Operating Mode, whenever 
EMODE is being asserted (LOW), EF 2 behaves as an exact dupiicate of EF, 
but deiayed by one fuii cycie of RCLK with respect to EF. 

c 5 

1 

o 

Data Outputs 

0/Z 

Data outputs to drive an 18-bit bus. 

VcX) 

Power 

V 

Seven +5 V power-supply pins. 

Vss 

Ground 

V 

Eight 0 V ground pins. 


^ I = Input, O = Output, Z = High-Impedance, V = Power Voltage Level 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

Supply Voltage to Vss Potential 

-0.5 V to 7 V 

Signal Pin Voltage to Vss Potential 

-0.5VtoVcc + 0.5V 

DC Output Current ^ 

±75 mA 

Temperature Range with Power Applied ^ 

-55°C to 125°C 

Storage Temperature Range 

-65°Cto150°C 

Power Dissipation (PLCC Package Limit) 

2W 


NOTES: 

1 . Only one output may be shorted at a time, for a period not exceeding 30 seconds. 

2. Measured with clocks idle. 


OPERATING RANGE 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Ta 

Temperature, Ambient 

0 

70 

C 

Vcc 

Supply Voltage 

4.5 

5.5 

V 

Vss 

Supply Voltage 

0 

0 

V 

ViL 

Logic LOW Input Voltage 

-0.5 

0.8 

V 

ViH 

Logic HIGH Input Voltage 

2.0 

Vcc + 0.5 

V 


DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

MAX. 

UNIT 

lu 

Input Leakage 

Vcc = 5.5 V, ViN = 0 V to Vcc 

-1 

1 

HA 

Ilo 

I/O Leakage 

OE > ViH, 0 V < VouT ^ Vcc 

-2 

2 

HA 

VOH 

Output HIGH Voltage 

Ioh = “-8.0 mA 

2.4 


V 

VOL 

Output LOW Voltage 

loL= 16.0 mA 


0.4 

V 

Icc 

Average Operating Supply Current ^ 

Measured at fee = maximum 


250 

mA 

ICC2 

Average Standby Supply Current 

All inputs = Vihmin (clocks idle) 


60 

mA 

ICC3 

Power-Down Supply Current 

All inputs = Vcc - 0.2 V (clocks idle) 


1 

mA 


NOTE: 

1. Output load Is disconnected. 


AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

Vss to 3 V 

Input Rise and Fall Times 
(10% to 90%) 

3 ns 

Input Timing Reference Levels 

1.5V 

Output Timing Reference Levels 

1.5V 

Output Load, 
Timing Tests 
(Figure 3) 

Ri (Top Resistor) 

1 .1kQ 

R 2 (Bottom Resistor) 

680 Q 

Cl (Load Capacitance) 

30 pF 


CAPACITANCE 


PARAMETER 

RATING 

CiN (Input Capacitance) Vin = 0 V 

10 pF 

CouT (Output Capacitance) Vout = 0 V 

10 pF 


+5 V 



* INCLUDES JIG AND SCOPE CAPACITANCES 


540215-3 


Figure 3. Output Load Circuit 
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AC ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

-20 

-25 

-35 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

fee 

Clock Cycle Frequency 


50 


40 


28.6 

tA 

Data Access Time 

2 

12 

3 

15 

3 

20 

teiK 

Clock Cycle Time 

20 


25 


35 


teLKH 

Clock HIGH Time 

8 


10 


14 


teiKL 

Clock LOWTime 

8 


10 


14 


tos 

Data ^tup Time 

5 


6 


7 


tDH 

Data Hold Time 

1 


1 


2 


tENS 

Enable Setup Time 

5 


6 


7 


tENH 

Enable Hold Time 

1 


1 


2 


tRS 

Reset Pulse Width ^ 

20 


25 


35 


tRSS 

Reset Setup Time ^ 

12 


15 


20 


tRSR 

Reset Recovery Time ^ 

12 


15 


20 


tRSF 

Reset to Flag and Output Time 


30 


35 


40 

tOLZ 

Output Enable to Output In Low-Z ^ 

0 


0 


0 


tOE 

Output Enable to Output Valid 


9 


12 


15 

tOHZ 

Output Enable to Output in High-Z ^ 

1 

9 

1 

12 

1 

15 

tWFF 

Write Clock to Full Flag 


12 


15 


20 

tREF 

Read Clock to Empty Flag 


12 


15 


20 

tPAF 

Clock to Programmable Almost-Full Flag (IDT-Compatible Operating 
Mode) 


14 


17 


23 

tPAE 

Clock to Programmable Almost-Empty Flag (IDT-Compatible 

Operating Mode) 


14 


17 


23 

tHF 

Clock to Half-Full Flag (IDT-Compatible Operating Mode) 


14 


17 


23 

tPAFS 

Clock to Programmable Almost-Full Flag (Enhanced Operating 
Mode) 


14 


17 


23 

tpAES 

dock to Programmable Almost-Empty Flag (Enhanced 

Operating Mode) 


14 


17 


23 

tHFS 

dock to Half-Full Flag (Enhanced Operating Mode) 


14 


17 


23 

txo 

Clock to Expansion-Out 


12 


15 


20 

txi 

Expansion-In Pulse Width 

8 


10 


14 


txis 

Expansion-In Setup Time 

8 


10 


15 


tSKEWI 

Skew Time Between Read Clock and Write Clock for Full Flag ^ 

14 


16 


18 


tSKEW2 

Skew Time Between Write Clock and Read Clock for Empty Flag ^ 

14 


16 


1 



NOTES: 

1. Pulse widths less than the stated minimum values may cause incorrect operation. 

2. Values are guaranteed by design; not currently tested. 

3. These times also apply to the Programmable-Almost-Full and Half-Full flags when they are synchronized to WCLK. 

4. These times also apply to the Half-Full and Programmable-Almost-Empty flags when they are synchronized to RCLK. 
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DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES 


Table 1. Grouping-Mode Determination 
During a Reset Operation ^ 


EMODE 

wxyiy£/V2 

Wuren2 

K/rt 

MODE 

WXO/HF 

USAGE 

WXI/WEA/2 

USAGE 

RXVREN2 

USAGE 

FURT 

USAGE 

RXO/EF 2 

USAGE 

H 

H 

H 

H 

Cascaded 

Slave ’ 

WXO 



FL 

R^ 

H 

H 

H 

L 

Cascaded 
Master ^ 

WXO 


R>0 

FL 

Rra 

H 

H 

L 

X 

(Reserved) 

- 

- 

- 

- 

- 

H 

L 

H 

X 

(Reserved) 

- 

- 

- 

- 

- 

H 

L 

L 

H2 

(Not Allowed) 

(HF) 

(none) 

(none) 

(RT) 

(none) 

H 

L 

L 

L2 

Standalone 

HF 

(none) 

(none) 

RT 

(none) 

L 

X 

X 

Z.2 

interlocked 

Paralleled^ 

HF 

WEN2 

REN2 

RT 

~^2 


NOTES: 

1. The terms ‘master’ and ‘slave’ refer to IDT-compatible cascading. In pipelined cascading®, there is no such distinction. 

2. Once grouping mode has been determined during a reset operation, FURT then may go HiGH to activate a retransmit operation. 

3. EMODE must be asserted for access to the Controi Register to be enabied. Aiso, FIFOs being used in a pipelined-cascading 
configuration should be in Interlocked Paralleled mode. 

4. Setup-time and recovery-time specifications apply during a reset operation. 

5. H = HIGH; L = LOW; X = Don’t Care. 


Table 2. Expansion-Pin Usage According to 
Grouping Mode 


VO 

PIN 

IDT-COMPATIBLE OPERATING MODE 

ENHANCED 
OPERATING MODE 

MASTER 

SLAVE 

STANDALONE 

INTERLOCKED 

PARALLELED 

1 

\/m/wEi\i2 

From WXO (n-1st FIFO) 

From WXO (n-lst FIFO) 

Grounded 

FromW (Other FIFO) 

0 

WXO/HF 

ToV^(n-i-lstFIFO) 

ToVM(n+1st FIFO) 

Becomes HF 

Becomes HF 

1 

mi/REN2 

From R)^(n-1 St FIFO) 

From R)^(n-1 St FIFO) 

Grounded 

From EF (other FIFO) 

0 

Rm^2 

ToR)a(n-i-lstFIFO) 

ToTO(n-HlstFIFO) 

Unused 

Becomes EF 2 

1 

FURT 

Grounded (Logic LOW) 

Logic HIGH 

Becomes RT^ 

Becomes Rf 


NOT^: 

1. FL/RT may be grounded if the Retransmit facility is not being used. 
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Table 3. Selection of Read and Write Operations 


LD 

wiFP 

rIFP 

WCLK 

RCLK 

ACTION 

L 

X 

X 

- 

- 

No operation. 

L 

L 

H 

A 

- 

Write to a programmable register. ^ 

L 

H 

H 

A 

- 

Hold present value of programmable-register write counter, and do not 
write. ^ 

L 

H 

L 

- 

A 

Read from a programmable register. ^ 

L 

H 

H 

- 

A 

Hold present value of programmable-register read counter, and do not 
read. ^ 

L 

X 

X 

A 

A 

Illegal combination, which will cause errors. 

H 

L 

X 

A 

X 

Normal FIFO write operation. 

H 

X 

L 

X 

A 

Normal FIFO read operation. 

H 

L 

X 

- 

X 

No write operation. 

H 

H 

X 

X 

X 

No write operation. 

H 

X 

L 

X 

- 

No read operation. 

H 

X 

H 

X 

X 

No read operation. 

H 

L 

L 

- 

- 

No operation. 

H 

H 

H 

X 

X 

No operation. 


KEY: 

H = Logic ‘HIGH’; L = Logic ‘LOW; X = ‘Don’t-care’ (logic ‘HIGH,’ logic ‘LOW,’ or any transition); 

A = A ‘LOW-to-‘HIGH’ transition; - = Any condition EXCEPT a ‘LOW-to-‘HIGH’ transition. 

NOTES: 

1. The selection of a programmable register to be written or read is controlled by two simple state machines. One state machine controls the selec¬ 
tion for writing; the other state machine controls the selection for reading. These two state machines operate independently of each other. 

Both state machines are reset to point to Word 0 by a reset operation. In the Enhanced Operating Mode, if Control Register bit 00 is set, 
both state machines are aiso reset to point to Word 0 by deassertion of LD after LD has been asserted (that is, by a rising edge of 
LD), foiiowed by a vaiid write cycie for the writing-controi state machine and/or by a vaiid read cycie for the reading-controi state 
machine. 

2. The order of the two programmable registers which are accessible in IDT-Compatible Operating Mode, as selected by either state machine, is 
always: 

WordO: Almost-Empty Offset Register 
Word 1: Almost-Full Offset Register 
Word 0: Almost-Empty Offset Register 

(repeats indefinitely) 

The order of the three programmabie registers which are accessible in Enhanced Operating Mode, as seiected by either state 
machine, is aimiys: 

Word 0: Aimost-Empty Offset Register 
Word!: Almost-Fuii Offset Register 
Word 2: Controi Register 
WordO: Aimost-Empty Offset Register 

(repeats indefiniteiy) 


In IDT-Compatible Operating Mode, Word 2 is not accessed, and Word 0 and Word 1 alternate. 

3. After normal FIFO operation has begun, writing new contents Into either of the two offset registers is not recommended, as it may cause errone¬ 
ous output values for the respective flag outputs. 

4. WEN 2 , REN 2 , and'OE may be ANDed terms in the enabiing of read and write operations, according to the state of the EMODE controi 
input and of Controi Register bit 05. 
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Table 4. Status Flags 


NUMBER OF UNREAD DATA WORDS PRESENT WITHtN FIFO 

FULL 

FLAG 

MIDDLE FLAGS 

EMPTY 

FLAG 

512x18 FIFO 

1024x18 FIFO 

FF 

PAF 

HF 

PAE 


0 

0 

H 

H 

H 

L 

L 

1 to q 

1 to q 

H 

H 

H 

L 

H 

(q-Hi) to 256 

(q-Hi) to 512 

H 

H 

H 

H 

H 

257 to (512 -(p-h1)) 

513to(1024-(p-Hl)) 

H 

H 

L 

H 

H 

(512-p) to 511 

(1024-p) to 1023 

H 

L 

L 

H 

H 

512 

1024 

L 

L 

L 

H 

H 


NOTES: 

1. q = Programmable-Almost-Empty Offset value. (Default values: 512 x 18, q = 63; 1024 x 18, q = 127.) 

2. p = Programmable-Almost-Full Offset value. (Default values: 512 x 18, p = 63; 1024 x 18, p = 127.) 

3. Only 9 (512 X 18) or 10 (1024 x 18) of the 12 offset-value-register bits should be programmed. The unneeded most-significant-end bits should 
be LOW (zero). 

4. The flag output is delayed by one full clock cycle in Enhanced Operating Mode, when synchronous operation is specified for intermediate flags. 
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DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont’d) 


Tables. Control-Register Format 


COMMAND 

REGISTER 

BITS 

CODE 

1 VALUE AFTER RESET 

FLAG 

AFFECTED, 

IFANY 

DESCRIPTION 

NOTES 



EMODE = H 

EMODE = L 

00 

L 

L 

H 

- 

Deassertion of LD does not 
reset the programmable- 
register write pointer and 
read pointer. 

IDT-compatibie addressing 
of programmable registers. 

H 

Deassertion of LD resets 
the programmable-register 
write pointer and read 
pointer to address Word 0, 
the Programmabie-Almost- 
Empty-Flag-Offset Register. 
The change takes effect 
after a vaiid write operation 
or a valid read operation, 
respectively. 

Non-ambiguous 
addressing of 
programmable registers. 

01 

L 

L 

H 


SetbytRCLK, reset by 
'tWCLK. 

Asynchronous flag 
clocking. 

H 

Set and reset by T RCLK. 

Synchronous flag clocking. 

03,02 

LL 

LL 

HH 

HF 

Set by 'tWCLK, reset by 
tRCLK. 

Asynchronous fiag 
clocking. 

LH 

Set and reset by t RCLK. 

Synchronous flag clocking 
at output port. 

HL, 

HH 

Set and reset by tWCLK. 

Synchronous flag clocking 
at input port. 

04 

L 

L 

H 


Set by 'tWCLK, reset by 
TflCUC 

Asynchronous fiag 
clocking. 

H 

Set and reset by '[WCLK 

Synchronous flag clocking. 

05 

L 

L 

H 

- 

OE has no effect on an 
internal read operation, 
apart from disabiing the 
outputs. 

Ailows the read-address 
pointer to advance even 
when Qo-Qirarenot 
driving the output bus. 

H 

OE inhibits a read 
operation whenever the 
data outputs Qo - Qn ore in 
the high-Z state. 

Inhibits the read-address 
pointer from advancing 
when Qo - Qircre not 
driving the output bus; 
thus, guards against data 
ioss. 

06 

L 

L 

L 

- 

Reserved. 

Future use to controi depth 
cascading and interlocked 
paralleling. 

H 

07, 08, 
09, 10,11 

LLLLL 

LLLLL 

LLLLL 

- 

Reserved. 

Reserved. 


NOTES: 

1. When EMODE is HIGH, and Control Register bits 00-05 are LOW, the FIFO behaves in a manner functionally equivalent to the 
IDT72215B/25B FIFO of similar depth and speed grade. Under these conditions, the Control Register \s not visible or accessible to the exter¬ 
nal system which includes the FIFO. 

2. If EMODE is not asserted (is HIGH), Control Register bits 00-05 remain LOW after a reset operation. However, if EMODE is asserted (is 
LOW) during a reset op eration, Control Register bits 00-05 are forced HIGH, and remain HIGH until changed. Control Register bits 
06-11 are unaffected by EMODE. 
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Data Inputs 

DATA IN (Do~Di7) 

Data, programmable-flag-offset values, and Control- 
Register codes are input to the FIFO as 18-bit words on 
Do - Di 7 . Unused bit positions in offset-value and Con¬ 
trol-Register \Nor6s should be zero-filled. 

Control Inputs 

RESET (RS) 

The FIFO is reset whenever the asynchronous Reset 
(RS) input is taken to a LOW state. A reset operation is 
required after power-up, before the first write operation 
may occur. The state of the FIFO is fully defined after a 
reset operation. If the default values which are entered 
into the Programmable-Flag-Offset-Value Registers and 
the Control Register by a reset operation are acceptable, 
then no device programming is required. A reset opera¬ 
tion initializes the FIFO’s internal read-address and write- 
address pointers to the FIFO’s first physical memory 
location. The five status flags, FF, PAF, HF, PAE, and EF, 
are updated to indicate that the FIFO is completely empty; 
thus, the first three of these are reset to HIGH, an d the 
last two a re reset to LOW. The flag-offset values for PAF 
and PAE each are Initialized to one-eighth of the depth of 
a single FIFO, minus one; 63 for a 512 -word FIFO, and 
127 for a 10 24-word F IFO. If EMODE is not being as¬ 
serted (i.e., if EMODE is HIGH), the Control Register \s 
initialized to configure the FIFO to operate in the 
IDT72215B/25B-Compatlble Operating Mode. Until a 
write operation occurs, the data outputs Do - D 17 all are 
LOW whenever OE Is LOW. 

ENHANCED OPERATING MODE (EMODE) 

Whenever EMODE is asserted during a reset op¬ 
eration, Control Register bits 00-05 remain HIGH 
rather than LO W after th e completion of the reset 
operation. Thus, EMODE has the effect of activating 
Enhanced-Operating-Mode features, without the 
need to configure the Control Register by the normal 
programming method. The behavior of these En- 
hanced-Operating-Mode features is described in Ta¬ 
ble 5. Fo r perma nent Enhanced-Operating-Mode 
opera tion, EM ODE must be grounded; dynamic con¬ 
trol of EMODE during system operation is not recom¬ 
mended. 

Asserting EMODE during a reset operation aiso 
causes WXI/WEN 2 to be configured as WEN 2 , and 
RXI/REN 2 to be configured as REN 2 , to support inter- 
locked-paralleled operation of two FIFOs ‘side by 
side .' 


WRITE CLOCK (WCLK) 

A rising edge (LOW-to-HIGH transition) of WCLK initi¬ 
ates a FIFO write cycle i f LD Is HIGH, or a programma¬ 
ble-register write cycle if LD Is LOW. The 18 data inputs, 
and all input-side synchronous control inputs, must meet 
setup and hold times with respect to the rising edge of 
WCLK. The input-side status flags are meaningful after 
specified time intervals, following a rising edge of WCLK. 

Conceptually, the WCLK Input receives a free-running, 
periodic ‘clock’ waveform, which is used to control other 
signals which are edge-sensitive. However, there actually 
is not any absolute requirement that the WCLK waveform 
must be periodic. A n ‘asyn chronous’ mode of operation 
is in fact possible, if WEN is continuously asserted (that 
is, is continuously held LOW), and WCLK receives ape¬ 
riodic ‘clock’ pulses of suitable duration. There likewise is 
no requirement that WCLK must have any particular 
synchronization relation to the read clock RCLK. These 
two clock inputs may in fact receive the same ‘clock’ 
signal; or they may receive totally-different signals, which 
are not synchronized to each other in any way. 

WRITE ENABLE (WEN) 

Whenever WEN is being asserted (is LOW) and LD is 
HIGH, and the FIFO is not full, an 18-bit data word is 
loaded into the effective Input register for the memory 
array at every WCLK rising edge (LOW-to-HIGH transi¬ 
tion). Data words are stored into the two-port memory 
array sequentia lly, reg ardless of any ongoing read opera¬ 
tion. Whenever WEN is not being asserted (Is HIGH), the 
input register retains whatever data word it contained 
previously, and no new data word gets loaded into the 
memory array. 

To prevent overrunning the internal FIFO boundaries, 
further write operations are inhibited whenever the Full 
Flag (FF) is being asserted (is LOW). If a valid read 
operation then occurs, upon the completion of that read 
cycle FF again goes HIGH after a time twFF, and another 
write operation is allowed to begin whenever WCLK 
make s another LOW-to-HIGH transition. Effectively, 
WEN is o verrid den by FF; thus, during normal FIFO 
operation, WEN has no effect when the FIFO is full. 

In th e Enhanced Operating Mode , whenever 
EMODE is being asserted (is LOW), WXI/WEN 2 func¬ 
tions as WEN 2 , an additional duplicate (albeit asser- 
tive-HIGH) write-enable input, in order to provide an 
‘interlocking’ mechanism for reiiable synchroniza¬ 
tion of two parallel ed FIF Os. To control writing, WEN 2 
is co mbined with WEN; the logic -AND function of 
WEN and WEN 2 then behaves like WEN in the fore¬ 
going description. 
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DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont’d) 

READ CLOCK (RCLK) 

A rising edge (LOW-to-HIGH transition) of RCLK initi¬ 
ates a FIFO read cycle if LD is HIGH, or a programma¬ 
ble-register read cycle if LD is LOW. All output-side 
synchronous control inputs must meet setup and hold 
times with respect to the rising edge of RCLK. The 18 data 
outputs, and the output-side status flags, are meaningful 
after specified time intervals, following a rising edge of 
RCLK. 

Conceptually, the RCLK Input receives a free-running, 
periodic ‘clock’ waveform, which is used to control other 
signals which are edge-sensitive. However, there actually 
is not any absolute requirement that the RCLK waveform 
must be periodic. An ‘as ynchronous’ mode of operation is 
in fact possible. If REN is continuously asserted (that is, 
is continuously held LOW), and RCLK receives aperiodic 
‘clock’ pulses of suitable duration. There likewise is no 
requirement that RCLK must have any particular synchro¬ 
nization relation to the write clock WCLK. These two clock 
inputs may in fact receive the same ‘clock’ signal; or they 
may receive totally-different signals, which are not syn¬ 
chronized to each other In any way. 

READ ENABLE (^) 

Whenever REN is being asserted (is LOW), and the 
FIFO is not empty, an 18-blt data word is loaded into the 
output register from the memory array at every RCLK 
rising edge (LOW-to-HIGH transition). Data words are 
read from the two-port memory array sequentially, regard¬ 
less of any ongoing write operation. Whenever REN is 
not being asserted (Is HIGH), the output register retains 
whatever data word it contained previously, and no new 
data word gets loaded into it from the memory array. 

To prevent underrunning the internal FIFO boundaries, 
further read operations are Inhibited whenever the Empty 
Flag (EF) Is being asserted (Is LOW). If a valid write 
operation then occurs, upon the completion of that write 
cycle EF again goes HIGH after a time tREF, and another 
read operation Is allowed to begin whenever RCLK 
makes another LOW-to-HIGH transition. Effectively, REN 
is ove rridden by EF; thus, during normal FIFO operation, 
REN has no effect when the FIFO is empty. 

In the Enhanced Operating Mode, one (or, some¬ 
times two) additio nal read-enable inputs maybe com¬ 
bined with REN to control reading. The additional 
read-enable input(s) are RXi/REN 2 (and OE). The 
logic-AND fu nctio n of these two (or three) inputs then 
behaves like REN in the foregoing description. 


Whenever EMODE is being asserted (is LOW), 
RXI/REN 2 functions as REN 2 , an additional duplicate 
(albeit assertive-HIGH) Read-Enabie input, in order to 
provide an 'interiocking' mechanism for reliable 
synchronization of two paralleled FIFOs. Also, if Con¬ 
trol Register bit 05 has been set, OE takes on the extra 
role of serving as yet another duplicate read-enable 
input, in addition to its usual function of controlling 
the FIFO's data outputs, in order to inhibit further read 
operations whenever the FIFO's data outputs are 
disabled, and thereby to prevent data loss under 
some circumstances. 

OUTPUT ENABLE (OE) 

^ Is an assertive-LOW, asynchronous, output 
enable. In the IDT-Compatible Operating Mode, OE has 
only the effect of enabling or disabling the data outputs 
Qo - Qi 7 . That is, disabling Qo - Q 17 does not inhibit a 
read operation, for data being transmitted to the output 
register; the same data will remain available later, when 
the outputs are again enabled, unless subsequently over¬ 
written. When Q 0 -Q 17 are enabled, each of these 18 
data outputs is in a normal HIGH or LOW state, according 
to the bit pattern of the data word in the output register. 
When Qo - Q 17 are disabled, each of these outputs is in 
the high-Z (high-impedance) state. 

In the Enhanced Operating Mode, if Control Reg¬ 
ister bit 05 has been set, OE behaves as an additional 
read-enable control input, as well as enabling and 
disabling the data outputs Qo - Qir- Under these 
circumstances, incrementing the read-address 
pointer is inhibited whenever Qo - Q 17 are in the 
high-Z state. Thus, 'reading'successive words which 
faii ever to reach the outputs is prevented, as a 
safeguard against data ioss. 

LOAD (I^ 

The Sharp LH540215/25 FIFOs contain three 18-blt 
programmable registers. The contents of these three 
registers may be loaded with data from the data inputs 
Do - Di 7 , or read out onto the data outputs Qo - Q 17 . The 
first two registers are the Programmable-Flag-Offset- 
Valu e Reg isters, for the Programmable Almost-Empty 
Flag (PAE) and the Programmable Almost-Full Flag (PAF) 
respectively. The third register is the Control Register, 
which includes several configuration-control bits for 
Sharp's Enhanced-Operating-Mode features. 
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3 

PROGRAMMABLE-ALMOST-EMPTY-FLAG-OFFSET VALUE 

17 12 11 10 0 


3 

PROGRAMMABLE-ALMOST-FULL-FLAG-OFFSET VALUE ^ 


17 12 11 10 0 





CONTROL REGISTER ^ ^ 

WORD 2 



Reserved for 
future use. 



® 

®® 

® 

® 


17 

12 

11 7 

6 

5 

4 

3 2 

1 

0 


CONTROL-REGISTER BITS: 

@ Future use to control depth cascading and interlocked paralleling. 

Enables suppressing reading whenever data outputs are disabled. 

(J) Makes PAF synchronous. 

@ @ Makes HF synchronous. (See the Control-Register Format table for the encoding of bits 02-03.) 

(7) Makes PAE synchronous. 

@ Seiects reinitialized addressing of the programmable registers. 

NOTES: 

1. Default offset values are 63io = (LH540215) or 127io = 7Fi6 (LH540225). 

2. Bits 11-17 (LH540215) or bits 12-17 (LH540225) of both offset-value registers should 
in ail cases be programmed LOW (zero). 

3. This bit position is used for offset values in the LH540225 only. In the LH540215, It 
always should be programmed LOW. 

4. See the Control-Register Format tabie for the default states of the Control Register, 

for EMODE = HIGH (IDT-Compatible Operating Mode) and for EMODE = LOW (Enhanced Operating Mode). 

The Controi Register is not accessibie in iDT-Compatibie Operating Mode. 

5. The assertion of EMODE (LOW) forces Control Register bits 00-05 HIGH during a reset operation. 

After that, these bits may be programmed at wili. 

= Reserved. Do not load with non-zero information. 
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Figure 4. Programmable Registers 


None of these three registers makes use of all of its 
available 18 bits. Figure 4 shows which bit positions of 
each register are operational. The two Programmable- 
Flag-Offset-Value Registers each contain an offset value 
in bits 0-10 (LH540215) or 0-11 (LH540225); bits 11-17 
(LH540215) or 12-17 (LH540225) are unused. The de¬ 
fault values for both offsets are one-eighth of the total 
number of words in the FIFO memory array, minus one: 
63 for a 512 X 18 FIFO, and 127 for a 1024 x 18 FIFO. 

The Control Register coniiguraWon is shown in Figure 
4 and in Table 5. For the Control Register , in the IDT- 
Compatible Operating mode, with EMODE deasserted 
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(HIGH), the default value for any operational bit which has 
not been programmed is zero (LO W); in the Enhanced 
Operating Mode, with EMODE asserted (LOW), the 
default value for bits 00-05 is HIGH, and the default 
value for bits 06-11 is LOW. 

Whenever LD and WEN are simultaneously being 
asserted (are both LOW), the 18-bit data word from the 
data inputs Do - D 17 Is written into the Programmable-AI- 
most-Empty-Flag-Offset-Value Register at the first rising 
edge (LOW-to-HIGH transition) of the write clock 
(WCLK). (See Table 3.) If LD and WEN continue to be 
simultaneously asserted, another 18-bit data word from 
the data inputs Do - D 17 is written into the Programma- 
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DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont’d) 

ble-Almost-Full-Flag-Offset-Value Register at the second 
rising edge of WCLK. 

What happens next is determined by the state of the 
EMODE control input. If it is deasserted (HIGH), the next 
18-bit word from the data inputs Do - D 17 is written back 
into the Programmable-Almost-Empty-Flag-Offset-Value 
Register again. 

But, if EMODE is asserted (LOW), then stiii another 
18-bit data word from the data inputs D 0 -D 17 is 
written into the Controi Register at the third rising 
edge of WCLK. At the fourth rising edge of WCLK, 
writing again occurs to the Programmabie-Aimost- 
Empty-Fiag-Offset-Vaiue Register; and the same 
three-step writing sequence gets repeated on sub¬ 
sequent WCLK rising edges. 

The lower nine bits of these offset-value words are 
made use of by the 512-word LH540215, and the lower 
ten bits by the 1024-word LH540225. Five active bits are 
used for the Control Register, by both the LH540215 and 
the LH540225. There is no restriction on the values which 
may occur in these data fields. However, reserved bit 
positions must be encoded LOW, in order to maintain 
fonA^ard compatibility. 

Writing contents to these two or three programmable 
registers does not have to occur all at one time, or to be 
effected by one single seque nce of steps. Whenever LD 
is being asserted (Is LOW) but WEN is not being asserted 
(Is HIGH), the FIFO’s internal programmable-register- 
write-address pointer maintains its present value, without 
any writing actually taking place at each rising edge of 
WCLK. (See Table 3.) Thus, for instance, one or two 
programmable registers may be written, after which the 
FIFO may be returned to normal FIFO-array-read/write 
operation by deasserting LD (to HIGH). 

Likewise, whenever U5 and REN are simultaneously 
being asserted (are both LOW) the 18-bit data word 
(zero-filled as necessary) from the Programmable-AI- 
most-Empty-Flag-Offset-Value Register Is read to the 
data outputs Qo - Q 17 at the first rising edge (LOW-to- 
HIGH tran sition ) of the read clock (RCLK). (See Table 3.) 
If LD and REN continue to be simultaneously asserted, 
another 18-bit data word from the Programmable-Almost- 
Full-Flag-Offset-Value Register Is read to the data outputs 
Qo - Qi 7 at the second rising edge of RCLK. 

What happens next is determined by the state of the 
EMODE control input If it is deasserted (HIGH), the next 
18-bit word again comes from the Programmable-Almost- 
Empty-Flag-Offset-Value Register; it Is read to the data 
outputs Qo - Qi 7 . 


But, if EMODE is asserted (LOW), then the next 
18-bit data word instead comes from the Control 
Register; it is read to the data outputs Qo - Qir at the 
third rising edge of RCLK. At the fourth rising edge 
of RCLK, reading again occurs from the Programma- 
bie-Aimost-Empty-Fiag-Offset-Vaiue Register; and 
the same three-step reading sequence gets repeated 
on subsequent RCLK rising edges. 

Reading contents from these two or three programma¬ 
ble registers does not have to occur ail at one time, or to 
be effected by one single sequence of step s. Whenever 
LD Is being asserted (Is LOW) but REN is not being 
asserted (is HIGH), the FIFO’s internal programmable- 
register-read-address pointer maintains its present value, 
without any reading actually taking place at each rising 
edge of RCLK. (See Table 3.) Thus, for instance, one or 
two programmable registers may be read, after which the 
FIFO may be returned to normal FIFO-array-read/write 
operation by deasserting LD (to HIGH). 

To ensure correct operation, rising edges of WCLK and 
RCLK should not both be occuring at the same time while 
LD is being asserted. 

FIRST LOAOiRETRANSMiT^URT) 

FURTis a duai-purpose signal. It is one of three input 
signals which select the grouping mode in which the FIFO 
operates after being reset; t he ot her two of these Input 
signals are WXI/IVEAfe and RXVRENz There are four 
possible grouping modes: standalone, interlocked par¬ 
alleled, cascaded ‘master’ or first-load,’ and cascaded 
‘slave.’ The designations ‘master’ and ‘slave’ pertain to 
IDT-compatible depth cascading. Tables 1 and 2 show the 
signal encodings which select each grouping mode. 

In standalone or paralleled operation, the FURT pin 
should be grounded for strict IDT72215B/25B-compatlble 
operation. Howev er, if it is taken HIGH, regardless of 
the state of the EMODE controi input, the FIFO's 
internal read-address pointer is reset to address the 
FIFO's first physical memory location, without the 
other usual reset actions being taken; in particular, 
the FIFO's internal write-address pointer is unaf¬ 
fected. Subsequent read operations may then again 
read out the same block of data, delimited by the 
FIFO's first physical memory location and the current 
value of the write pointer, as was read out previously. 
There is no limit on the number of times that a block 
of data may be retransmitted. The only restrictions 
are that neither the read-address pointer nor the 
write-address pointer may 'wrap around'and address 
the FIFO's first physical memory location a second 
time during the retransmission process, and that the 
retransmit facility Is unavailable during cascaded opera¬ 
tion. 
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In IDT-compatible cascaded operation, fURT is 
grounded to distinguish the ‘master’ or ‘first-load’ FIFO 
from the other^lave’ FIFOs in the cascade, which must 
ail have their FURT inputs HIGH during a reset opera¬ 
tion. (See again Tables 1 and 2.) The cascade will not 
operate correctly either without any ‘master’ FIFO, or with 
more than one ‘master’ FIFO. 

WRITE EXPANSION mPUT/WRiTE ENABLE 2 
(WXI/WEA/2) 

WXI/VVEAfe is a dual-purpose signal. It Is one of three 
input signals which select the grouping mode in which the 
FIFO operates after being rese t; the other two of these 
Input signals are FURT and RXI. There are four possible 
grouping modes: standalone, interlocked paralleled, 
cascaded ‘master’ or ‘first-load,’ and cascaded ‘slave.’ 
The designations ‘master’ and ‘slave’ pertain to IDT-com¬ 
patible depth cascading. Tables 1 and 2 show the signal 
encodings which select each grouping mode. 

In standalone operation, WXI/WE/V 2 and R)0/f?E/V2 
both must be grounded so that the FIFO comes up in the 
standalone grouping mode after a res et operation. In 
interlocked paralleled operation, WXI/WEN 2 is tied to 
FF of the other paralleled FIFO, and RXI/REN 2 is tied 
to EF of that same other FIFO. This Interconnection 
scheme ensures that both FIFOs will operate 
together, and remain coordinated, regardless of tim¬ 
ing skews. 

In c ascaded operation, WXI/WEAfe is connecte d to the 
WXO (Write Expansion Output; actually WXO/HF) output 
of the previous FI FO in t he cascade. RXI/REAfeis likewise 
connected to the RXO (Read Expansion Outp ut) output 
of th at pre vious FIFO. A reset operation forces WXO/HF 
and RXO HIGH for each FIF^ consequently, all FIFOs 
with their WXI/WE/V 2 and RXI/REAfe inputs thus con¬ 
nected come up in one of the two cascaded grouping 
modes, according to whether their FURT inputs are 
grounded or tied HIGH. (See again Tables 1 and 2.) 

READ EXPANSION \UPUT/READ ENABLE 2 
(RXI/REW 2 ) 

R)^EA /2 is a dual-purpose signal. It is one of three 
input signals which select the grouping mode in which the 
FIFO operates after being reset; the other two of these 
input signals are FURT and WXI. There are /bur possible 
grouping modes: standalone, interlocked paralleled, cas¬ 
caded ‘master’ or ‘first-load,’ and cascaded ‘slave.’ The 
designations ‘master’ and ‘slave’ pertain to IDT-compat- 
ible depth cascading. Tables 1 and 2 show the signal 
encodings which select each grouping mode. 

In standalone operation, WXI/WE/V 2 and R)a//7EA/2 
both must be grounded so that the FIFO comes up in the 
standalone grouping mode after a res et operation. In 
interlocked paralleled operation, WXI/WEN 2 is tied to 
FF of the other paralleled FIFO, and RXI/REN 2 Is tied 
to EF of that same other FIFO. This Interconnection 
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scheme ensures that both FIFOs will operate to¬ 
gether, and remain coordinated, regardless of timing 
skews. 

_In cascaded operation, R)d/f?E/V 2 is connected to 

RXO (Read Expan sion Output) of the previous FI FO in 
the cascade. WXI/WE/V 2 is like wise co nnected to WXO 
(Write Expansion Output; actually WXO/HF) o utput o f that 
previous FIFO. A reset operation forces RXO and 
WXO/HF HIGH for each FIFO; consequently, all FIFOs 
with their RXI/REA /2 and WXI/WE/V 2 Inputs thus con¬ 
nected come up In one of the two IDT-compatible cas- 
caded grouping modes, according to whether their FURT 
inputs are grounded or tied HIGH. (See again Tables 1 
and 2.) 

Data Outputs 

DATA OUT (Q 0 -Q 17 ) 

Data, programmable-flag-offset values, and Control- 
Register codes are output from the FIFO as 18-bit words 
on Qo - Qi 7 . Unused bit positions in offset-value words 
and Control-Register words are zero-filled. 

Control/Status Outputs 

FULL FLAG (FF) 

FF goes LOW whenever the FIFO Is completely full. 
That is, whenever the FIFO’s Internal write pointer has 
completely caught up with its Internal read pointer; so that. 
If another word were to be written, it would have to 
oven^/rite the unread word which is now In position for 
reading out by the next requested read operation. Under 
these conditions, the FIFO is filled to its nominal capacity, 
which is 51218-blt words for the LH540215 or 102418-bit 
words for the LH540225Respectively. Write operations 
are inhibited whenever FF is LOW, re gardles s of the 
assertion or deassertion of Write Enable (WEN). 

If the FIFO has been reset by asserting M (LOW), FF 
initially is HIGH. But, whenever no read operations have 
been performed since the completion of the reset opera¬ 
tion, FF goes LOW after 512 write operations for the 
LH540215, or after 1024 write operations for the 
LH540225. (See Table 4.) 

FF gets updated after a LOW-to-HIGH transition of the 
Write Clock (WCLK). 

PROGRAMMABLE ALMOST-FULL FLAG (]^) 

RAF goes LOW whenever the FIFO Is ‘almost’ full; 
that is, whenever subtracting the value of the FIFO’s 
internal read pointer from the value of its internal write 
pointer yields a difference which is less than the value of 
the Programmable-Almost-Full-Flag Offset ‘p.’ The sub¬ 
traction is performed using modular arithmetic, modulo 
the total nominal number of 18-blt words in the FIFO’s 
physical memory, which is 512 for the LH540215 or 1024 
for the LH540225 respectively. 
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DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont’d) 

The default value of ‘p’ after the completion of a reset 
operation is one-eighth of the total number of words in the 
FIFO-memory array, minus one: 63 for the LH540215 or 
127 for the LH540225 respectively. However, ‘p’ may be 
set to any value which does not exceed this total nominal 
number of words for the device, as explained In the 
description of Load (LD). 

If the FIFO has been reset by asserting^ (LOW), and 
no read operations have been perfo rmed since the 
completion of the reset operation, PAF goes LOW after 
(512-p) write operations for the LH540215, or after 
(1024-p) write operations for the LH540225. (See 
Table 4.) 

If p Is still at Its default value, PAF is LOW whenever 
the FIFO Is from 7/8 full to completely full. 

In the IDT-Compatible Operating Mode, PAF changes 
from HIGH to LOW only after a LOW-to-HIGH transition 
of the Write Clock WCLK, and from LOW to HIGH only 
after a LOW-to-HIGH transitio n of t he Read Clock RCLK. 
Thus, In this operating mode, PAF behaves as an ‘asyn¬ 
chronous flag.’ 

In t he E nhanced Operating Mode, on the other 
hand, PAF gets updated only after a LOW-to-HIGH 
transition of the Write Clock WCLK, and thus behaves 
as a ^synchronous flag/(See Table 5.) This behavior 
is selected whenever Control Register bit 04 is HIGH. 

WRITE EXPANSION OUT/HALF-FULL FLAG 
(WXO/HF) 

WXO/HF is a dual-purpose signal. JnJstandalone’ op¬ 
eration, it behaves as a Half-Full Flag (HF), in accordance 
with Table 4. In IDT-compatible ‘cascad ed’ op eration, it 
behaves as a Write Expansion Output (WXO) signal to 
coordinate writing operations with the next FIFO in the 
cascade. Und er these same conditions, also, the dual- 
purpose WXI/WEN 2 a nd R XI/REN 2 inputs behave as 
Write Expansion Input (WXI) and Read Expansion Input 
(RXI) signals respectively. 

When two or more LH540215 or LH540225 FIFOs are 
‘cascaded’ to operate as a larger ‘effective FIFO,’ In an 
IDT-style ‘dais y-cha in’ ring configuration, the Writ e Ex- 
pansion Input (WXI) of each FIFO i s con nected to WXO 
of the previous FIFO In the ring, wit h WXI o f the ‘first-load’ 
or ‘master’ FIFO being connected to WXO of the last FIFO 
so as to complete the ring. Similar connecti ons ar e made 
for each FIFO in the ring, parallel to these WXO-to-WXI 
connections, for R ead E xpansion Input (RXI) and Read 
Expansion Output (RXO). 


When the last physical location has been written in a 
FIFO operating in cascade d mode , a LOW-goIng pulse is 
emitted by that FIFO on its WXO output, and it is deacti¬ 
vated for writing at the next valid WCLK; and the next 
FIFO in th e ring is simultaneously activated for writing. 
Otherwise, WXO remains constantly HIGH whenever the 
FIFO is operating in cascaded mode. This LOW-going 
WXO pulse serves as a ‘token’ in the ‘token-passing’ 
FIFO-cascadin g sche me; it Is passed on to the next FIFO 
in the ring via Its WXI input. When this next FIFO receives 
the token, it is activated for writing at the next valid WCLK. 

The foregoing description applies both to the ‘first-load’ 
or ‘master’ FIFO in the ring, and to any and ail ‘slave’ 
FIFOs in the ring. However, WXO has no necessary 
function for FIFOs operating in the ‘standalone’ mode. 
Consequently, in that mode, the same output pin is used 
for HF; it follows that HF is not available as an output from 
any FIFO which is operating In the IDT-compatible cas¬ 
caded mode. A FIFO Is Initialized Into ‘cascaded master’ 
mode, into ‘cascaded slave’ mode, into interlocked paral¬ 
leled mode, or i nto standalone mode according to the 
state of its WXI/WEAf 2 , RXI/REA/ 2 , and FURT c ontrol 
Inputs during a reset operation, and of EMODE. (See 
Table 1, Table 2, and Table 5.) 

In standalone or interlocked paralleled operation,^ 
goes LOW whenever the FIFO is more than half full; that 
is, whenever subtracting the value of the FIFO’s Internal 
read pointer from the value of Its Internal write pointer 
yields a difference which is less than half of the total 
nominal number of 18-bit words in the FIFO’s physical 
memory, which is 256 for the LH540215 or 512 for the 
LH540225 respectively. (See Table 4.) The subtraction is 
performed using modular arithmetic, modulo this total 
nominal number of words, which Is 512 for the LH540215 
or 1024 for the LH540225 respectively. 

If the FIFO has been reset by asserting TO (LOW), and 
it is operating in standalone mode or in interlocked 
paralleled mode, and no read operations have been 
performed since the completion of the reset operation, HF 
goes LOW after 257 write operations for the LH540215, 
or after 513 write operations for the LH540225. (See 
again Table 4.) 

In the IDT-Compatible Operating Mode, HF changes 
from HIGH to LOW only after a LOW-to-HIGH transition 
of the Write Clock WCLK, and from LOW to HIGH only 
after a LOW-to-HIGH transition of the Read Clock RCLK. 
Thus, in this operating mode, HF behaves as an ‘asyn¬ 
chronous flag.’ 
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In the Enhanced Operating Mode, on the other 
hand, HF gets updated only after a LOW-ta-HIGH 
transition of the Read Clock RCLK, or else after a 
LOW-to-HIGH transition of the Write Clock WCLK, 
according to the setting of bits 03 and 02 of the 
Control Register (See Table 5.) Thus, in this mode HF 
behaves as a ^synchronous flag,' and may be syn¬ 
chronized either to the input side of the FIFO (Le., to 
WCLK), or to the output side of the FIFO (Le., to 
RCLK). 

PROGRAMMABLE ALMOST-EMPTY FLAG (P^) 

PAE goes LOW whenever the FIFO is ‘almost empty’; 
that is, whenever subtracting the value of the FIFO’s 
Internal write pointer from the value of its internal read 
pointer yields a difference which is less than q +1, where 
‘q’ Is the value of the Programmable-Almost-Empty-Flag 
Offset. The subtraction is performed using modular arith¬ 
metic, modulo the total nominal number of 18-bit words 
in the FIFO’s physical memory, which is 512 for the 
LH540215 or 1024 for the LH540225 respectively. 

The default value of q after the completion of a reset 
operation is one-eighth of the total number of words in the 
FIFO-memory array, minus one; 63 for the LH540215 or 
127 for the LH540225 respectively. However, q may be 
set to any value which does not exceed this total nominal 
number of words for the device, as explained in the 
description of Load (LD). 

If the FIFO has been reset by asserting RS (LOW), and 
no write operations have been perfor med since the com¬ 
pletion of the reset operation, then PAE is LOW. (See 
Table 4.) 

If q is still at its default value, PAE is LOW whenever 
the FIFO is from 1/8 full to completely empty. 

In the IDT-Compatible Operating Mode, PAE changes 
from HIGH to LOW only after a LOW-to-HIGH transition 
of the Read Clock RCLK, and from LOW to HIGH only 
after a LOW-to-HIGH transitio n of th e Write Clock WCLK. 
Thus, In this operating mode, PAE behaves as an ‘asyn¬ 
chronous flag.’ 

In t he E nhanced Operating Mode, on the other 
hand, PAE gets updated only after a LOW-to-HIGH 
transition of the Read Clock RCLK, and thus behaves 
as a ‘synchronous flag.'(See Table 5.) This behavior 
is seiected whenever Control Register bit 01 is HIGH. 

EMPTY FLAG (EF) 

EF goes LOW whenever the FIFO is completely 
empty. That is, whenever the FIFO’s internal read pointer 
has completely caught up with its internal write pointer; 
so that, if another word were to be read out, it would have 
to come from the physical memory location which is now 


in position to be written into by the next requested write 
operation. Read operations are inhibited whenever EF Is 
LOW, re gardl ess of the assertion or deassertion of Read 
Enable (REN). 

If the FI FO has been reset by asserting ^ (LOW), and 
no write operations have been performed since the 
completion of the reset operation, then EF is LOW. (See 
Table 4.) 

EF gets updated after a LOW-to-HIGH transition of the 
Read Clock RCLK. 


READ EXPANSION 0UT/£^PrrFLAG2(RX0/EF2) 

When two or more LH540215 or LH540225 FIFOs are 
operating in IDT-compatIble ‘cascaded’ mod e as a larger 
‘effe ctive FIFO,’ the dual-purpose RXI/REAfe and 
WK\/WEN 2 inputs behave as R ead Expansion Input 
(RXI) and Write Expansion Input (WXI) signals respec¬ 
tively. An IDT-style cascade of these FIFO devices has a 
‘daisy-chain’ ring configuration; the Read E xpansion Input 
(RXI) of each FIFO is connected to RXO of the previous 
FIFO In the ring, with RXI o f the ‘first-load’or ‘master’ FIFO 
being connected to RXO of the last FIFO so as to com¬ 
plete the ring. Similar connection s are made for each 
FIFO in the ring, parallel to the se RX O-to-RXI connec¬ 
tions, for Wri te Exp ansion Input (WXI) and Write Expan¬ 
sion Output (WXO). 

When the last physical location has been read in a 
FIFO operating in IDT-style cascaded mod e, a L OW-go- 
ing pulse is em itted by that FIFO on its RXO output; 
oth erwise , RXO remains constantly HIGH. This LOW-go- 
Ing RXO pulse serves as a ‘token’ In the token-passing 
FIFO-cascading scheme; It is passed on to the next FIFO 
in the ring via its RXI Input. When this next FIFO receives 
the token. It Is activated for reading at the next valid RCLK. 

After a FIFO emits an RXO pulse, it is deactivated for 
reading at the next valid RCLK; and the next FIFO in the 
ring Is simultaneously activated for reading. Also, its data 
outputs go Into hIgh-Z state, regardless of the assertion 
or deassertion of its Output Enable (OE) control Input, 
until it again receives the token. 

The foregoing description applies both to the ‘first-load’ 
or ‘master’ FIFO In the ring, and to any and all ‘slave’ 
FIFOs In the ring. However, RXO has no necessary 
function for a FIFO which is operat ing in ‘standalone’ 
mode. Consequently, in that mode, RXO is never as¬ 
serted, and remains constantly HIGH. A FIFO Is initialized 
into ‘standalone’ mode, into ‘cascaded master’ mode, or 
into ‘cascaded slave’ mode according to the state of its 
\NX\/WEN 2 , RXI/REAfe, and FURTcontrol Inputs during 
a reset operation. It also may be forced into interlocked 
paralleled mode by EMODE. (See Table 1, Table 2, and 
Tables.) 


BOLD iTALIC = Enhanced Operating Mode 


SHARP 


5-211 





LH540215/25 


PRELIMINARY 


512 & 1024 X18 Synchronous FIFO 


TIMING DIAGRAMS 



NOTES: _ _ 

1. After reset, the outputs will be LOW if OE = LOW, and in a high-impedance state if OE = HIGH. 

2. The clocks (RCLK, WCLK) may be free-running during a reset operation. 


Figures. Reset Timing 



NOTE: 

1. tsKEwi is the minimum time between a rising RCLK edge and a 
rising WCLK edge for FF to change predictably during the current 
clock cycle. If the time between the rising edge of RCLK and the 
rising^dge of WCLK is less than tgKEwi’ fi^sn it is not guaranteed 
that FF will change state until the next following WCLK edge. 


Figure 6. Synchronous Write Operation 
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512 & 1024 X 18 Synchronous FIFO 


PRELIMINARY 


LH540215/25 



tsKEW2 is the minimum time between a rising WCLK edge and a 
rising RCLK edge for EF to change predictably during the current 
clock cycle. If the time between the rising edge of WCLK and the 
rising edge of RCLK is less than tsKEW2> ^sn it is not guaranteed 
that EF will change state until the next following RCLK edge. 


Figure 7. Synchronous Read Operation 
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LH540215/25 


PRELIMINARY 


512 & 1024 X18 Synchronous FIFO 


TIMING DIAGRAMS (cont’d) 



NOTES: 

1 . t5KEW2 is minimum time between a rising RCLK edge and a rising 
WCLK edge for FF to change predictably during the current clock cycle. 

If the time between the rising edge of RCLK and the rising edge of 
WCLK is less than tsKEW2. then it is not guaranteed that FF will change 
state until the next following WCLK edge. 

2 . tpRL (First-Read Latency) is the minimum time between a rising WCLK 
edge and a rising RCLK edge to assure a correct readout of the first data 
word Dq in response to the next RCLK edge. Thus, tppL = tcLK + tsKEW2- 
If tpRL is not met, Dq may be available either at tcLK + tsKEW2» or 

one more clock cycle delay at 2 tcLK + tsKEW2- The First-Read Latency 
timing restrictions apply only when the FIFO has been empty (EF = LOW). 

3 . EF may be used to determine when the first data word Dq may be read. 

Dq always is available on the next cycle after EF has gone HIGH. 540215-8 


Figure 8. Latency for the First Data Word After a 
Reset Operation, With Simuitaneous Read and Write 
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512 & 1024 X18 Synchronous FIFO 


PRELIMINARY 


LH540215/25 


WCLK 


Do ■ Di7 


FF 

WEN 

RCLK 


REN 

OE 


Qq ■ Qi7 



NOTE: 

1 . tsKEwi's the minimum time between a rising RCLK edge and a 
rising WCLK edge for FF to change predictably during the current 
clock cycle. If the time between the rising edge of RCLK and the 
rising edge of WCLK is less than tsKEWi> it is not guaranteed 
that FF will change state until the next following WCLK edge. 


Figure 9. Full-Flag Timing 
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LH540215/25 


PRELIMINARY 


512 & 1024 X18 Synchronous FIFO 


TIMING DIAGRAMS (cont’d) 



NOTES: 

1 . tsKEW2minimum time between a rising WCLK edge and a 

rising RCLK edge for EF to change predictably during the current 
clock cycle. If the time between the rising edge of WCLK and the 
rising edge of RCLK is less than tsKEW2» guaranteed 

that EF will change state until the next following RCLK edge. 

2 . tpRL (First-Read Latency) is the minimum time between a rising WCLK 

^ge and a rising RCLK edge to assure a correct readout of the first data 
word Do in response to the next RCLK edge. Thus, tpRt = tcLK + tsKEW2- 
If tpRL is not met, Dq may be available either at tcLx + o'" s^®*" 

one more clock cycle delay at 2 tcLK + tsKEW2- The First-Read Latency 
timing restrictions apply only when the FIFO has been empty (EF = LOW). 

3 . EF may be used to determine when the first data word Dq may be read. 

Dq always is available on the next cycle after EF has gone HIGH. 

BOLD ITALIC = Enhanced Operating Mode. 


Figure 10. Empty-Flag Timing 
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512 & 1024 X18 Synchronous FIFO 


PRELIMINARY 


LH540215/25 



Figure 11. Programmable>Register Write Operation 



Figure 12. Programmable-Register Read Operation 
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LH540215/25 


PRELIMINARY 


512 & 1024 X18 Synchronous FIFO 


TIMING DIAGRAMS (cont’d) 



NOTEj_ 

1. PAE offset = q. Also, number of data words written Into FIFO already = q. 


540215-13 


Figure 13. Programmable-Almost-Empty Flag Timing, 
IDT-Compatible Operating Mode 
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512 & 1024 X18 Synchronous FIFO 


PRELfMINARY 


LH540215/25 


Enhanced Operating Mode Timing Diagram 



1 . tsKEW2 'S the minimu m time between a rising WCLK edge and a 
rising RCLK edge for PAE to change predictably during the current 
clock cycle. If the time between the rising edge of WCLK and the 
risin g edg e of RCLK is less than tsKEW2> Is not guaranteed 
that PAE will change state until the next following RCLK edge. 

2 . PAE offset = q. Also, number of data words written into FIFO already = q. 

3 . The internal state of the FIFO: 

At (a), q +1 words. 

At (^, q words. 

At (^, q+1 words again. 


Figure 14. Programmabie-Aimost-Empty Flag Timing, 
When Synchronous (Enhanced Operating Mode) 
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LH540215/25 


PRELIMINARY 


512 & 1024 X18 Synchronous FIFO 


TIMING DIAGRAMS (cont’d) 



NOTES: 

1. PAF offset = p. Number of data words written into FIFO aiready = 511 - p for the LH540215 and 1023 - p for the LH540225. 

2. 512 - p words in FIFO for LH540215. 1024 - p word In FIFO for LH540225. 

3. 511 - p words in FIFO for LH540215. 1023 - p word in FIFO for LH540225. 

_ 540215-14 


Figure 15. Programmable Almost-Full-Flag Timing, 
iDT-Compatible Operating Mode 
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512 & 1024 X18 Synchronous FIFO 


PRELIMINARY 


LH540215/25 


Enhanced Operating Mode Timing Diagram 


WCLK 


Do • Di7 


PAF 

WEN 

RCLK 


REN 

OE 


Qq - Qi7 



NOTES: 

1. is the minimu m time between a rising RCLK edge and a 
rising WCLK edge for PAF to change predictably during the current 
clock cycle. If the time between the rising edge of RCLK and the 
risin g edg e of WCLK is less than tsKEwi* then it is not guaranteed 
that PAF will change state until the next following WCLK edge. 

2. PAF offset = p. Number of data words written into FIFO already = 511 - p 
for the LH540215 and 1023 - p for the LH540225. 

3. 512 - p words in FIFO for LH540215. 1024 - p word In FIFO for LH540225. 

4. 511 - p words in FIFO for LH540215. 1023 - p word in FIFO for LH540225. 

5. The internal state of the FIFO: 

At (a) , 511 -p words. 

At 512-p words. 

At (^, 511 -p words again. 

540215-24 


Figure 16. Programmabie-Aimost-Fuii-Fiag Timing, 
When Synchronous (Enhanced Operating Mode) 
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LH540215/25 


PRELIMINARY 


512 & 1024 X18 Synchronous FIFO 
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512 & 1024 X18 Synchronous FIFO 


PRELIMINARY 


LH540215/25 


Enhanced Operating Mode Timing Diagram 


WCLK 


Dq ■ Di7 


HF 

\i^ 

RCLK 


REN 

OE 


Qo - Qi7 



NOTES: 

1. tsKEWi is the minimum time between a rising RCLK edge and a 
rising WCLK edge for HF to change predictably during the current 
clock cycle. If the time between the rising edge of RCLK and the 
rising edge of WCLK is less than tsKEWi< 's not guaranteed 
that HF will change state until the next following WCLK edge. 

2. The internal state of the FIFO: 

At (J), exactly half full. 

At (^, half+1 words. 

At exactly half full again. 


Figure 18. Haif-Fuil-Fiag Timing, When Synchronized 
to input Port (Enhanced Operating Mode) 
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LH540215/25 


PRELIMINARY 


512 & 1024 X18 Synchronous FIFO 


TIMING DIAGRAMS (cont’d) 


Enhanced Operating Mode Timing Diagram 



NOTE: 

1. tsKEW 2 is the minimum time between a rising WCLK edge and a 
rising RCLK edge for HF to change predictably during the current 
clock cycle. If the time between the rising edge of WCLK and the 
rising edge of RCLK is less than tsKEW 2 > then it is not guaranteed 
that HF will change state until the next following RCLK edge. 

2. The internal state of the FIFO: 

At (^, half+1 words. 

At (^, exactly half full. 

At (^, half+1 words again. 

__540215-26 


Figure 19. Haif-FuihFiag Timing, When Synchronized 
to Output Port (Enhanced Operating Mode) 
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512 & 1024 X 18 Synchronous FIFO 


PRELIMINARY 


LH540215/25 



NOTES: _ 

1. In IDT-compatible operating mode, REN = LOW; in Enhanced Operating Mode, _ 

also RENg = HIGH (and OE = LOW, if Control Register bit 05 = HIGH). In any case, LD = HIGH. 

2. Drti is the data item in physical location zero of the FIFO memory array. 

3. The asynchronous intermediate flags (corresponding to LOW Control-Register bits) 
will show correct status two or more RCLK cycles after a retransmit operation. 

(RT 2 , in the above RCLK waveform.) 

4. The synchronous intermediate flags (corresponding to HIGH Control-Register bits) will 
show correct status three or more RCLK cycles after a retransmit operation. (RT 3 , in 
the above RCLK waveform.) 

5. Immediately after a reset operation, before any write operations have taken place, a retransmit 
operation Is a 'no-op', and does not change the state of any FIFO registers or flags. 

_540215-28 


Figure 20. Retransmit Timing, 
IDT-Compatibie Operating Mode 
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LH540215/25 


PRELIMINARY 


512 & 1024 X18 Synchronous FIFO 


TIMING DIAGRAMS (cont’d) 



Figure 21. Write-Expansion-Out Timing, 
IDT-Compatible Operating Mode 



Figure 22. Read-Expansion-Out Timing, 
IDT-Compatible Operating Mode 



Figure 23. Write-Expansion-In Timing, 
IDT-Compatible Operating Mode 
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512 & 1024 X18 Synchronous FIFO 


PRELIMINARY 


LH540215/25 



540215-19 


Figure 24. Read-Expansion-In Timing, 
IDT-Compatible Operating Mode 


APPLICATIONS INFORMATION 


WRITE CLOCK (WCLK) 
WRITE ENABLE (WEN) 
LOAD (LD) 
DATA IN (Do - Di7 ) 
FULL FLAG (^) 

PROGRAMMABLE _ 

ALMOST-EMPTY FLAG (PAE) 

HALF-FULL FLAG (WXO/HF) 


RESET (RS) 

ENH ANCED 

MODE(EMODE) 


- READ CLOCK (RCLK) 

- READ ENABLE (^) 

- OUTPUT ENABLE (OE) 

- DATA OUT (Qo *017) 

- EMPTY FLAG (EF) 

PROGRAMMABLE _ 

ALMOST-FULL FLAG (PAF) 


WRITE EXPANSION IN (WXI/W^E/V^) 


i 









LH540215/25 








FIRST LOAD (fURT) 


READ EXPANSION IN {RXUREN^ 


BOLD ITALIC = Enhanced Operating Mode. 
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Figure 25. Standalone FIFO 
(512x18/1024x18) 
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LH540215/25 


PRELIMINARY 


512 & 1024 X18 Synchronous FIFO 


APPLICATIONS INFORMATION (cont’d) 



Figure 26. FIFO Word-Width Expansion, IDT-Compatibie 
Operating Mode (512 x 36 /1024 x 36) 
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512 & 1024 X 18 Synchronous FIFO 


PRELIMINARY 


LH540215^25 



Figure 27. Synchronous FIFO Depth Cascading Using 
IDT-Compatible Token-Passing’ Scheme 
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LH540215/25 


PRELIMINARY 


512 & 1024 X 18 Synchronous FIFO 
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LH543601/11 

FEATURES 

• Fast Cycle Times: 15/20/25/30/35 ns 

• Pin-Compatible and Functionally-Compatible 
O.Bji-Technology Replacements for Sharp LH5420 

• Two 256 X 36-bit/512 x 36-blt FI FO Buffers 

• Full 36-bit Word Width 

• Selectable 36/ia/9-bit Word Width on Port B 

• Independently-Synchronized (‘Fully-Asynchronous’) 
Operation of Port A and Port B 

• ‘Synchronous’ Enable-Plus-Clock Control at 
Both Ports 

• R/W, Enable, Request, and Address Control Inputs 
are Sampled on the Rising Clock Edge 

• Synchronous Request/Acknowledge ‘Handshake’ 
Capability; Use is Optional 

• Device Comes Up Into a Known Default State at 
Reset; Programming is Allowed, but is not Required 

• Asynchronous Output Enables 

• Five Status Flags per Port: Full, Almost-Full, 
Half-Full, Almost-Empty, and Empty 

• Almost-Full Flag and Almost-Empty Flag are 
Programmable 

• Mailbox Registers with Synchronized Flags 

• Data-Bypass Function 

• Data-Retransmit Function 

• Automatic Byte Parity Checking 

• 16 mA-loL Three-State Outputs; 
TTLyCMOS-Compatible I/O 

• Space-Saving PQFP and PGA Packages 


PRODUCT PREVIEW 

256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 


FUNCTIONAL DESCRIPTION 

The LH543601/11 contain two FIFO buffers, FIFO #1 
and FIFO #2. These operate in parallel, but in opposite 
directions, for bidirectional data buffering. FIFO #1 and 
FIFO #2 each are organized as 256 or 512 words by 36 
bits. The LH543601/11 are ideal either for wide unidirec¬ 
tional applications or for bidirectional data applications; 
component count and board area are reduced. 

The LH543601/11 have two 36-blt ports. Port A and 
Port B. Each port has its own port-synchronous clock, but 
the two ports may operate asynchronously relative to 
each other. Data flow is initiate at a port by the rising 
edge of the appropriate clock; it Is gated by the corre¬ 
sponding edge-sampled enable, request, and read/write 
control signals. At the maximum operating frequency, the 
clock duty cycle may vary from 40% to 60%. At lower 
frequencies, the clock waveform may be quite asymmet¬ 
ric, as long as the minimum pulse-width conditions for 
clock-HIGH and clock-LOW remain satisfied; the 
LH543601/11 are fully-static parts. 

Conceptually, the port clocks CKa and CKb are free- 
running, periodic ‘clock’ waveforms, used to control other 
signals which are edge-sensitive. However, there actually 
is not any absolute requirement that these ‘clock’ wave¬ 
forms must be periodic. An ‘asynchronous’ mode of 
operation is possible. In one or both directions. Inde¬ 
pendently, if the appropriate enable and request inputs 
are continuously asserted, and enough aperiodic ‘clock’ 
pulses of suitable duration are generated by external logic 
to cause all necessary actions to occur. 

Asynchronous request/acknowledge handshake facil¬ 
ity is provided at each port for FIFO data access. This 
request/ acknowledge handshake resolves FIFO full and 
empty boundary conditions, when the two ports are op¬ 
erated asynchronously relative to each other. 

FIFO status flags monitor the extent to which each 
FIFO buffer has been filled. Full, Almost-Full, Half-Full, 
Almost-Empty, and Empty flags are included for each 
FIFO. The Almost-Full and Almost-Empty flags are pro¬ 
grammable over the entire FIFO depth, but are automat¬ 
ically initialized to eight locations from the respective FIFO 
boundaries at reset. A data block of 256 (LH543601) or 
512 (LH543611) or fewer words may be retransmitted any 
desired number of times. 
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LH543601/11 


PRODUCT PREVIEW 


256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 


FUNCTIONAL DESCRIPTION (cont’d) 

Two mailbox registers provide a separate path for 
passing control words or status words between ports. 
Each mailbox has a New-Mail-Alert Flag, which is syn¬ 
chronized to the reading port’s clock. This mailbox func¬ 
tion facilitates the synchronization of data transfers 
between asynchronous systems. 

Data-bypass mode allows Port A to directly transfer 
data to or from Port B at reset. In this mode, the device 
acts as a registered transceiver under the control of 
Port A. For instance, a master processor on Port A can 
use the data bypass feature to send or receive Initializa¬ 


tion or configuration Information directly, to or from a 
peripheral device on Port B, during system startup. 

A word-width-select option is provided on Port B for 
36-bit, 18-blt, or 9-bit data access. This feature allows 
word-width matching between Port A and Port B, with no 
additional logic needed. It also ensures maximum utiliza¬ 
tion of bus bandwidths. 

A Byte Parity Check Flag at each port monitors data 
integrity. Control-Register bit 00 selects the parity mode, 
odd or even. This bit is initialized for odd data parity at 
reset; but it may be reprogrammed for even parity, or back 
again to odd parity, as desired. 


PIN CONNECTIONS 



Figure 1. Pin Connections for 132-Pin Quad Flat Package 
(Top View) 
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256 X 36 X 2 / 512 X 36 X 2 BiFlFOs 


PRODUCT PREVIEW 


LH543601/11 



Figure 2. Pin Connections for 120-Pin PGA Package 
(Bottom View) 
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LH543601/11 


PRODUCT PREVIEW 


256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 



Figure 3. Pin Connections for 120-Pin PGA Package 
(Top View) 
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256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 


PRODUCT PREVIEW 


LH543601/11 
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LH543601/11 


PRODUCT PREVIEW 


256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 



Figure 4a. Simplified LH543601/11 Block Diagram 



543601-61 


Figure 4b. Detaiied LH543601/11 Biock Diagram 
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256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 


PRODUCT PREVIEW 


LH543601/11 


PIN DESCRIPTIONS 


PIN 

PIN TYPE * 

DESCRIPTION 

GENERAL 

Vcc, Vss 

V 

Power, Ground 


1 

Reset 

PORTA 

CKa 

1 

Port A Free-Running Clock 

R/Wa 

1 

Port A Edge-Sampled Read/Write Control 

ENa 

1 

Port A Edge-Sampled Enable 

AoA, Aia, A2A 

1 

Port A Edge-Sampled Address Pins 

OEa 

1 

Port A Level-Sensitive Output Enable 

REQa 

1 

Port A Request/Enable 

^2 

1 

FIFO #2 Retransmit 

DoA D35A 

l/O/Z 

Port A Bidirectional Data Bus 

FFi 

0 

FIFO #1 Full Flag (Write Boundary) 

AFi 

0 

FIFO #1 Programmable Almost-Full Flag (Write Boundary) 

HFi 

0 

FIFO#1 Half-Full Flag 

^2 

0 

FIFO #2 Programmable Almost-Empty Flag (Read Boundary) 

EF2 

0 

FIFO #2 Empty Flag (Read Boundary) 

MBF2 

0 

New-Mail-Alert Flag for Mailbox #2 

^A 

0 

Port A Parity Flag 

ACKa 

0 

Port A Acknowledge 

PORT B 

CKb 

1 

Port B Free-Running Clock 

R/Wb 

1 

Port B Edge-Sampled Read/Write Control 

ENb 

1 

Port B Edge-Sampled Enable 

Aob 

1 

Port B Edge-Sampled Address Pin 

OEb 

1 

Port B Level-Sensitive Output Enable 

WSo, WSi 

1 

Port B Word-Width Select 

REQb 

1 

Port B Request/Enable 



FIFO#1 Retransmit 

Dob - D35B 

l/O/Z 

Port B Bidirectional Data Bus 

FF2 

0 

FIFO #2 Full Flag (Write Boundary) 

^2 

o 

FIFO #2 Programmable Almost-Full Flag (Write Boundary) 

FiF2 

0 

FIFO #2 Half-Full Flag 


0 

FIFO #1 Programmable Almost-Empty Flag (Read Boundary) 


0 

FIFO #1 Empty Flag (Read Boundary) 

MBFi 

0 

New-Mail-Alert Flag for Mailbox #1 


0 

Port B Parity Flag 

ACKb 

0 

Port B Acknowledge 


* I = Input, O = Output, Z = High-Impedance, V = Power Voltage Level 
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LH543601/11 


PRODUCT PREVIEW 


256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 


ABSOLUTE MAXIMUM RATINGS ^ 


PARAMETER 

RATING 

Supply Voltage to Vss Potential 

-0.5Vto7V 

Signal Pin Voltage to Vss Potential ^ 

-0.5VtoVcc + 0.5V 

DC Output Current ^ 

±40mA 

Storage Temperature Range 

-65°Cto 150°C 

Power Dissipation (Package Limit) 

2 Watts (Quad Flat Pack) 


NOTES: 


1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions outside those indicated in the ‘Operating Range’ 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

3. Negative undershoot of 1.5 V In amplitude is permitted for up to 10 ns, once per cycle. 

OPERATING RANGE 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Ta 

Temperature, Ambient 

0 

70 

oc 

Vcc 

Supply Voltage 

4.5 

5.5 

V 

Vss 

Supply Voltage 

0 

0 

V 

ViL 

Logic LOW Input Voltage ^ 

-0.5 

0.8 

V 

ViH 

Logic HIGH Input Voltage 

2.2 

Vcc + 0.5 

V 


NOTE: 

1. Negative undershoot of 1.5 V in amplitude is permitted for up to 10 ns, once per cycle. 


DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

Ili 

Input Leakage Current 

Vcc = 5.5 V, ViN = 0 V To Vcc 

-10 

10 

\iA 

Ilo 

I/O Leakage Current 

OE > V|H, 0 V < VoUT ^ Vcc 

-10 

10 

HA 

VoL 

Logic LOW Output Voltage 

IOL = 16.0 mA 


0.4 

V 

VOH 

Logic HIGH Output Voltage 

lOH = -4.0 mA 

2.4 


V 

Icc 

Average Supply Current ^ 

Measured at fc = max 


280 

mA 

ICC2 

Average Standby Supply Current ^ 

All Inputs = Vihmin (Clock idle) 


75 

mA 

ICC3 

Power-Down Supply Current ^ 

All Inputs = Vcc - 0.2 V (Clock idle) 


0.1 

mA 


NOTE: 


1 ■ Icc, Icc 2 , and Ices are dependent upon actual output loading, and Icc is also dependent on cycle rates. Specified values are with outputs open; 
and, for lex:, operating at minimum cycle times. 
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256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 


PRODUCT PREVIEW 


LH543601/11 


AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

Vss to 3 V 

Input Rise and Fall Times 
(10% to 90%) 

5 ns 

Output Reference Levels 

1.5 V 

Input Timing Reference Levels 

1.5 V 

Output Load, Timing Tests 

Figure 5 


+5V 


470 OHMS 
DEVICE 

UNDER >- 

TEST 

240 OHMS 


1 . 

T 


30 pF 


INCLUDES JIG AND SCOPE CAPACITANCES 


Figure 5. Output Load Circuit 


NOTES: 

1. Sample tested only. 

2. Capacitances are maximum values at 25°C, measured at 1 .OMHz, with Vin = 0 V. 


CAPACITANCE 


PARAMETER 

RATING 

CiN (Input Capacitance) 

8pF 

CouT (Output Capacitance) 

8pF 


543601-7 
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LH543601/11 


PRODUCT PREVIEW 


256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 


AC ELECTRICAL CHARACTERISTICS ^ (Vcc = 5 V ± 10%, Ta = 0°C to 70°C) 


SYMBOL 

DECRIPTION 

-15 

-20 

-25 

-30 

-35 

UNITS 




B^!l 



BMI 



IB^!1 

fee 

Clock Cycle Frequency 

— 

67 

— 

50 

— 

40 

— 

33 

— 

28.5 

MHz 

tee 

Clock Cycle Time 

15 

— 

20 

— 

25 

— 

30 

— 

35 

— 

ns 

teH 

Clock HIGH Time 

6 

— 

8 

— 

10 

— 

12 

— 

15 

— 

ns 

tei 

Clock LOW Time 

6 

— 

8 

— 

10 

— 

12 

— 

15 

— 

ns 

tos 

Data Setup Time 

4 

— 

5 

— 

6 

— 

7 

— 

8 

— 

ns 

tDH 

Data Hold Time 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

tES 

Enable Setup Time ® 

4 

— 

5 

— 

6 

— 

7 

— 

8 

— 

ns 

tEH 

Enable Hold Time ® 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

tRWS 

ReadA/Vrite Setup Time 

4 

— 

5 

— 

6 


7 

— 

8 

— 

ns 

tRWH 

ReadA/Vrite Hold Time 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

tRQS 

Request Setup Time ® 

9 

— 

12 

— 

15 

— 

18 

— 

21 

— 

ns 

tRQH 

Request Hold Time ® 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

tAS 

Address Setup Time ® 

9 

— 

12 

— 

15 

— 

18 

— 

21 

— 

ns 

tAH 

Address Hold Time ® 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

tA 

Data Output Access Time 

— 

9 

— 

12 

— 

15 

— 

18 

— 

21 

ns 

tAeK 

Acknowledge Access Time 

— 

9 

— 

12 

— 

15 

— 

18 

— 

21 

ns 

tOH 

Output Hold Time 

3 

— 

4 

— 

5 

— 

5 

— 

5 

— 

ns 

tzx 

Output Enable Time, OE LOW to 
D 0 -D 35 Low-Z^ 

3 

— 

4 

— 

5 

— 

5 

— 

5 

— 

ns 

txz 

Output Disable Time, OE HIGH 
toDo-Das High-Z^ 

— 

9 

— 

12 

— 

15 

— 

18 

— 

21 

ns 

tEF 

Clock to EF Flag Valid (Empty 
Flag) 

— 

9 

— 

12 

— 

15 

— 

18 

— 

21 

ns 

tFF 

Clock to FF Flag Valid (Full Flag) 

— 

9 

— 

12 

— 

15 

— 

18 

— 

21 

ns 

tHF 

Clock to HF Flag Valid (Half-Full) 

— 

9 

— 

12 

— 

15 

— 

18 

— 

21 

ns 

tAE 

Clock to AE Flag Valid (Almost- 
Empty) 

— 

9 

— 

12 

— 

15 

— 

18 

— 

21 

ns 

tAF 

Clock to AF Flag Valid (Almost- 
Full) 

— 

9 

— 

12 

— 

15 

— 

18 

— 

21 

ns 

tMBF 

Clock to MBF Flag Valid 
(Mailbox Flag) 

— 

9 

— 

12 

— 

15 

— 

18 

— 

21 

ns 

tPF 

Data to Parity Flag Valid 

— 

9 

— 

12 

— 

15 

' — 

18 

— 

21 

ns 

tRS 

Reset/Retransmit Pulse Width ^ 

24/15 

— 

32/20 

— 

40/25 

— 

52/30 

— 

65/35 

— 

ns 

tRSS 

Reset/Retransmit Setup Time ^ 

12 

— 

16 

— 

20 

— 

25 

— 

30 

— 

ns 

tRSH 

Reset/Retransmit Hold Time ^ 

6 

— 

8 

— 

10 

— 

15 

— 

20 

— 

ns 

tRF 

Reset LOW to Flag Valid 

— 

25 

— 

30 

— 

35 

— 

40 

— 

45 

ns 

tFRL 

First Read Latency ^ 

15 

— 

20 

— 

25 

— 

30 

— 

35 

— 

ns 

tFWL 

First Write Latency ® 

15 

— 

20 

— 

25 

— 

30 

— 

35 

— 

ns 

tes 

Bypass Data Setup 

9 

— 

12 

— 

15 


18 

— 

21 

— 

ns 

tBH 

Bypass Data Hold 

3 

— 

4 

— 

5 

— 

5 

— 

5 

— 

ns 

tBA 

Bypass Data Access 

— 

12 

— 

16 

— 

20 

— 

25 


30 

ns 


NOTES: 

1. Timing measurements performed at ‘AC Test Condition’ levels. 

2. Values are guaranteed by design; not currently production tested. 

3. tRss and/or tnsH need not be met unless a rising edge of CKa occurs while ENa is being asserted, or else a rising edge of CKb occurs whiie 
ENb is being asserted. 

4. tpRL is the minimum first-write-to-first-read delay, following an empty condition, which is required to assure valid read data. 

5. tpwL is the minimum first-read-to-first-write delay, following a full condtion, which is required to assure successful writing of data. 

6. tAS, tAH address setup times and hold times need only be satisfied at clock edges which occur while the corresponding enables are being as¬ 
serted. 

7. First number used only when CKa or CKb is enabled; tns = tnss + tCH + tRSH. 
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Reset 

The device is reset whenever the asynchronous Reset 
(RS) input is taken LOW. A reset operation is required 
after power-up, before the first write operation may occur. 
The LH543601/11 are fully ready for operation after being 
reset. No device programming is required if the default 
states described below are acceptable. 

A reset operation initializes the read-address and 
write-address pointers for FIFO #1 and FIFO #2 to those 
FIFO’s first physical memory locations. If the respective 
outputs are enabled, the initial contents of these first 
locations appear at the outputs. FIFO and mailbox status 
flags are updated to indicate an empty condition. In 
addition, the programmable-status-flag offset values are 
Initialized to eight. Thus, the AE 1 /AE 2 flags get asserted 
^hln_eight locations of an empty condition, and the 
AF 1 /AF 2 flags likewise get asserted within eight locations 
of a full condition, for FIFO #1/FIFO #2 respectively. 

Bypass Operation 

During reset (whenever RS is LOW) the device acts 
as a registered transceiver, bypassing the internal FIFO 
memories. Port A acts as the master port. A write or read 
operation on Port A during reset transfers data directly to 
or from Port B. Port B is considered to be the slave, and 
cannot perform write or read operations Independently on 
Its own during reset 

The direction of the bypass data transmission is deter¬ 
mined by th R/Wa control Input, which does not get 
overridden by the RS input. Here, a ‘write’ operation 
means passing data from Port A to Port B, and a ‘read’ 
operation means passing data from Port B to Port A. 

The bypass capability may be used to pass initializa¬ 
tion or configuration data directly between a master proc¬ 
essor and a peripheral device during reset. 

Address Modes 

Address pins select the device resource to be 
accessed by each port. Port A has three resource-regis¬ 
ter-select inputs, Aoa, Ai a, and A 2 A, which select between 
FIFO access, mailbox-register access, and flag-offset- 
value-programming operating mode. Port B has a single 
address input, Aob, to select between FIFO access or 
mailbox-register access. 

The status of the resource-register-select inputs is 
sampled at the rising edge of an enabled clock (CKa or 
CKb). Resource-register select-input address definitions 
are summarized in Table 1. 

FIFO Write 

Port A writes to FIFO #1, and Port B writes to FIFO #2. 
A write operation Is initiated on the rising edge of a clock 
(CKa or CKb) whenever: the appropriate enable (ENa or 
ENb) is held HIGH; the appropriate request (REQa or 
REQb) is held HIGH; the appropriate Read/Write control 


(RAVa or R/Wb) is held LOW; the FIFO address is 
selected for the address inputs (A 2 A - Aoa or Aob); and 
the prescribed setup times and hold times are observed 
for all of these signals. Setup times and hold times must 
also be observed on the data-bus pins (Doa - D 35 A or 
Dob - D35b). _ 

Normally, the appropriate Output Enable signal (OEa 
or OEb) is HIGH, to disable the outputs at that port, so 
that the data word present on the bus from external 
sources gets stored. However, a ‘loopback’ mode of 
operation also is possible, in which the data word supplied 
by the outputs of one Internal FIFO is ‘turned around’ at 
the port and read back into the other FIFO. In this mode, 
the outputs at the port are not disabled. To remain within 
specification for all timing parameters, the Clock Cycle 
Frequency must be reduced slightly below the value 
which otherwise would be permissible for that speed 
grade of LH5420. 

When a FIFO full condition is reached, write operations 
are locked out. Following the first read operation from a 
full FIFO, another memory location is freed up, and the 
corresponding Full Flag Is deasserted (FF = HIGH). The 
first write operation should begin no earlier than a First 
Write Latency (tpwL) after the first read operation from a 
full FIFO, to ensure that correct read data are retrieved. 


Table 1. Resource-Register Addresses 


A2A 

Aia 

Aoa 

RESOURCE 

porta 

H 

H 

H 

FIFO 

H 

H 

L 

Mailbox 

H 

L 

H 

^ 2 . ^ 2 , ^ 1.^1 Flag 
Offset Registers 

H 

L 

L 

Control Register 

L 

H 

H 

Flag Offset Register 

L 

H 

L 

AFi Flag Offset Register 

L 

L 

H 

AE 2 Flag Offset Register 

L 

L 

L 

AF 2 Flag Offset Register 

Aob 

RESOURCE 

PORTB 

H 

FIFO 

L 

Mailbox 


FIFO Read 

Port Areads from FIFO #2, and Port B reads from FIFO 
#1. A read operation is initiated on the rising edge of 
a clock (CKa or CKb) whenever: the appropriate enable 
(ENa or ENb) is held HIGH; the appropriate request 
(REQa or REQb) is lield HIGH; the appropriate 
Read/Write control (R/Wa or R/Wb) Is held HIGH; 
the FIFO address is selected for the address inputs 
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(A 2 A-Aoa or Aob); and the prescribed setup times and 
hold times are observed for all of these signals. Read data 
becomes valid on the data-bus pins (Doa - D 35 A or 
Dob - D 35 B) by a time tA after the rising clock (CKa or 
CKb) edge, provided that the data outputs are enabled. 

OEa and OEb are assertive-LOW, asynchronous, Out¬ 
put Enables control input signals. Their effect is only to 
enable or disable the output drivers of the respective port. 
Disabling the outputs does not disable a read operation; 
data transmitted to the corresponding output register will 
remain available later, when the outputs again are en¬ 
abled, unless it subsequently Is overwritten. 

When an empty condition is reached, read operations 
are locked out until a valid write operation(s) has loaded 
additional data into the FIFO. Following the first write to 
an empty FIFO, the corresponding empty flag (EF) will be 
deasserted (HIGH). The first read operation should begin 
no earlier than a First Read Latency (tpRi) after the first 
write to an empty FIFO, to ensure that correct read data 
is retrieved. 

Dedicated FIFO Status Flags 

Six dedicated FIFO status flags are included for Full 
(FFijind f^), Half-Full (HFi and HF 2 ), and Empty (EFi 
and EF 2 ). FFi, HFi, and EFi Indicate the status of FIFO 
#1; and FF 2 , HF 2 , and EF 2 indicate the status of FIFO #2. 

A Full Flag Is asserted following the rising clock edge 
for a write operation that fills the FIFO. A Full Flag is 
deasserted following the falling clock edge for a read 
operation to a full FIFO. A Half-Full Flag is updated 
following the rising clock edge of a read or write operation 
to a FIFO. An Empty Flag is asserted following the rising 
clock edge for a read operation that empties the FIFO. An 
Empty Flag Is deasserted following the falling clock edge 
for a write operation to an empty FIFO. 

Programmable Status Flags 

Four programmable^ FIFO status flags are provided, 
two for Almost-Full (AFi and AF 2 ), and two for Almost- 
Empty (AEi and AE 2 ). Thus, each port has two program¬ 
mable flags to monitor the status of the two internal FIFO 
buffer memories. The offset values for these flags are 
initialized to eight locations from the respective FIFO 
boundaries during reset, but can be reprogrammed over 
the entire FIFO depth. 

An Almost-Full Flag is asserted following the rising 
dock edge for a write operation that fills the FIFO. An 
Almost-Full Flag Is deasserted following the falling clock 
edge for a read operation to a full FIFO. An Almost-Empty 
Flag is asserted following the rising clock edge for a read 
operation that empties the FIFO. An Almost-Empty Flag 
is deasserted following the failing clock edge for a write 
operation to an empty FIFO. 

Flag offsets may be written or read through the Port A 
data bus. All four programmable FIFO status flag offsets 
can be set simultaneously through a single 36-bit status 


word; or, each programmable flag offset can be set indi¬ 
vidually, through one of four eight-bit (LH543601) or nine- 
bit (LH543611) status words. Table 3a Illustrates the data 
format for flag-programming words for the LH543601, and 
Table 3b illustrates the data format for flag-programming 
words for the LH543611. 

Also, Table 4a defines the meaning of each of the five 
flags, both the dedicated flags and the programmable 
flags, for the LH543601. Likewise, Table 4b lists the same 
definitions for the LH543611. 

WARNING: Control inputs which may affect the compu¬ 
tation of flag values at a port generally should not change 
while the clock for that port Is HIGH, since some updating 
of flag values takes place on the falling edge of the clock. 

Mailbox Operation 

Two mailbox registers are provided for passing system 
hardware or software control/status words between ports. 
Each port can read its own mailbox and write to the other 
port’s mailbox. Mailbox access is performed on the rising 
edge of the controlling FIFO’s clock, with the mailbox 
address selected and the enable (ENa or ENb) HIGH. 
That is, writing to Mailbox Register #1, or reading from 
Mailbox Register #2, is synchronized to CKa; and writing 
to Mailbox Register #2, or reading from Mailbox Register 
#1, is synchronized to CKb. 

The R/Wa/b and 6Ea/b pins control the direction and 
availability of mailbox-register accesses. Ea ch m ailbox 
regis ter has Its own New-Mail-Alert Flag (MBFi and 
MBF 2 ), which is synchronized to the reading porfs clock. 
These New-Mail-Alert Flags are status indicators only, 
and cannot Inhibit mailbox-register read or write operations. 

Request Acknowledge Handshake 

Asynchronous, request-acknowledge handshake fea¬ 
ture is provided for each port, to perform boundary syn¬ 
chronization between asynchronously-operated ports. 
The use of this feature is optional. When it is used, the 
Request input (REQa/bJjs sampled at a rising clock edge. 
With REQa/b high, R/Wa/b determines whether a FIFO 
read operation or a FIFO write operation is being re¬ 
quested. The Acknowledge output (ACKa/b) is updated 
during the following clock cycle(s). ACKa/b meets the 
setup and hold time requirements of the Enable input 
(ENa or ENb). Therefore, ACKa/b may be tied back to the 
enable input to directly gate FIFO accesses, at a slight 
decrease in maximum operating frequency. 

The assertion of ACKa/b signifies that REQa/b was 
asserted. However, ACKa/b does not depend logically on 
ENa/b; and thus the assertion of ACKa/b does nof prove 
that a FIFO write access or a FIFO read access actually 
took place. While REQa/b and ENa/b are being held 
HIGH, ACKa/b may be considered as a synchronous, 
predictive boundary flag. That Is, ACKa/b acts as a syn¬ 
chronized predictor of the Almost-Full Flag AF for write 
operations, oras a synchronized predictor of the Almost- 
Empty Flag AE for read operations. 
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Outside the ‘almost-fuir region and the ‘almost-empty’ 
region, ACKa/b remains continuously HIGH whenever 
REQa/b is held continuously HIGH. Within the ‘almost-fuH’ 
region or the ‘almost-empty’ region, ACKa/b occurs only 
on every fh/rcf cycle, to prevent an overrun of the FIFO’s 
actual full or empty boundaries and to ensure that the tpwL 
(first write latency) and tpRL (first read latency) specifica¬ 
tions are satisfied before ACKa/b is received. 

The ‘almost-full region’ is defined as ‘that region, where 
the Almost-Full Flag is being asserted’; and the ‘almost- 
empty region’ as ‘that region, where the Almost-Empty 
Flag is being asserted.’ Thus, the extent of these ‘almost 
regions depends on how the system has programmed the 
offset values for the Almost-Full Flags and the Almost- 
Empty Flags. If the system has not programmed them, 
then these offset values remain at their default values, 
eight in each case. 

If a write attempt is unsuccessful because the corre¬ 
sponding FIFO is full, or if a read attempt is unsuccessful 
because the corresponding FIFO is empty, ACKa/b Is not 
asserted in response to REQa/b. 

If the REQ/ACK handshake Is not used, then the 
REQa/b input may be used as a second enable input, at 
a possible minor loss in maximum operating speed. In this 
case, the ACKa/b output may be ignored. 

WARNING: Whether or not the REQ/ACK handshake is 
being used, the REQa/b input for a port mustbe asserted 
for the corresponding FIFO to operate. 

Data Retransmit 

A retransmit operation resets the read-address pointer 
of the corresponding FI FO (#1 or #2) back to the first FI FO 
physical memory location, so that data may be reread. 
The write pointer is not affected. The status flags are 
updated; and a block of up to 256 (LH543601) or 512 
(LH543611) data words, which previously had been writ¬ 
ten into and read from a FI FO, can be retrieved. The block 
to be retransmitted is bounded by the first FIFO memory 
location, and the FIFO memory location addressed by the 
write pointer. FIFO #1 retransmit is initiated by strobing 
the RTi pin LOW. FIFO #2 retransmit Is initiated by 
strobing the RT 2 pin LOW. Read and write operations to 
a FIFO should be stopped while the corresponding Re¬ 
transmit signal is being asserted. 

Parity Check 

The Parity Check Flags, ^a and ^b, are asserted 
(LOW) whenever there is a parity error In the data word 
present on the Port A data bus or the Port B data bus 
respectively. The inputs to the parity-evaluation logic 
come directly (via isolation transistors) from the data-bus 
bonding pads, in each case. 

The four bytes of a 36-blt data word are grouped as 
Do - Ds, Dg - Di7, Di8 - D26, and D27 - D35. The parity of 


each nine-bit byte is individually checked, and the four 
single-bit parity indications are logically inclusIve-ORed 
to produce the Parity-Flag output. Parity checking Is 
initialized for odd parity at reset, but can be repro¬ 
grammed for even parity or for odd parity during opera¬ 
tion. 

All nine bits of each byte are treated alike by the parity 
logic. The byte parity over the nine bits is compared with 
the Parity Mode bit In the Control Register, to generate a 
byte-parity-error indication. Then, the four byte-parity- 
error signals are NORed together, to compute the asser- 
tive-LOW parity-flag value. 

Word-Width Selection on Port B 

The word width of data access on Port B is selected 
by the WSo and WSi control inputs. WSo and WSi both 
are tied HIGH for 36-bit access; they both are tied LOW 
for single-byte access. For double-byte access, WSo is 
tied HIGH and WSi Is tied LOW. 

In the single-byte-access or double-byte-access modes, 
FIFO write operations on Port B essentially pack the data to 
form 36-blt words, as viewed from Port A. Similarly, single¬ 
byte or double-byte FIFO read operations on Port B essen¬ 
tially unpack 36-bit words through a series of shift 
operations. FIFO status flags are updated following the last 
access which forms a complete 36-blt transfer. 

Since the values for each status flag are computed by 
logic directly associated with one of the two FIFO-memory 
arrays, and not by logic associated with Port B, the flag 
values reflect the array fullness situatbn in terms of com¬ 
plete 36-bit words, and not in terms of bytes or double bytes. 

However, there is no such restriction for switching from 
writing to reading, or from reading to writing, at Port B. As 
long as tpws, tos, and tA are satisfied, R/Wb may change 
state after a/?/single-byte or double-byte access, and not 
only after a full 36-bit-word access. 

Also, the word-width-matching feature continues to 
operate properly in ‘loopback’ mode. 

Note that the programmable word-width-matching fea¬ 
ture is only supported for FIFO accesses. Mailbox and 
Data Bypass operations do not support word-width 
matching between Port A and Port B. Tables 2,3a, 3b, 4a, 
and 4b, and Figures 6a, 6b, 7a, and 7b summarize 
word-width selection for Port B. 


Table 2. Port B Word-Width Selection 


WSi 

WSo 

PORT B DATA WIDTH 

H 

H 

36-Bit 

H 

L 

(Reserved) 

L 

H 

18-Bit 

L 

L 

9-Bit 
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Table 3a. LH543601 Resource-Register Programming 


RESOURCE- 

REGISTER 

ADDRESS 

RESOURCE-REGISTER CONTENTS 

A2 

Ai 

Ao 

H 

H 

H 

NORMAL FIFO OPERATION 


X... 


H 

H 

L 

MAILBOX 


X... 


H 

L 

H 

36-BIT MODE 

D34A... D27A DasA... DiSA Di6A ... D 9 A D/A ... Doa 

X AF 2 Offset’ X AEaOffset’ X AFi Offset’ X 

AEi Offset’ 


1 

L 

L 

CONTROL REGISTER (WRITE-ONLY) 

Doa 

X... X 

Parity Mode ^ 


1 

H 

H 

d-BITAEi FLAG 

Dza ... Doa 

X 

X 

AEi Offset’ 


L 

H 

L 

8-BIT AFi FLAG 

D7A ... Doa 

X 

X 

AFi Offset ’ 


1 


H 

8-BIT AE 2 FLAG 

D/a ... Doa 

X... X 

AE 2 Offset’ 


L 

L 

L 

8-BIT AF 2 FLAG 

D/a ... Doa 

X 

X 

AF 2 Offset’ 


NOTES: 

1. All four programmable-flag-offset values are Initialized to eight (8) during a reset operation. 

2. Odd parity = HIGH; even parity = LOW. The parity mode is initialized to odd during a reset operation. 
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Table 3b. LH543611 Resource-Register Programming 


RESOURCE- 

REGISTER 

ADDRESS 

RESOURCE-REGISTER CONTENTS 

A2 

Ai 

Ao 

H 

H 

H 

NORMAL FIFO OPERATION 


X... 


H 

H 

L 

MAILBOX 


X... 


H 

L 

H 

36-BIT MODE 

D35A . . . D27A D26A . . . Dl8A Dl7A . . - DgA DsA . . - DoA 

AF 2 Offset ’ AE 2 Offset ’ AFi Offset ' 

AEi Offset 1 


H 

L 

L 

CONTROL REGISTER (WRITE-ONLY) 

Doa 

X... X Parity Mode ^ 


L 

H 

H 

8 -BIT^i FLAG 

Dsa ... Doa 

X... X 

AEi Offset 1 


L 

H 

L 

8 -BIT AFi FLAG 

Dsa ... Doa 

X... X 

AFi Offset ^ 


L 

L 

H 

8 -BIT AE2 FLAG 

Dsa .. • Doa 

X... X 

AE 2 Offset 1 


L 

L 

L 

8 -BIT AF2 FLAG 

Dsa ... Doa 

X... X 

AF 2 Offset 1 


NOTES: 

1. All four programmable-flag-offset values are initialized to eight (8) during a reset operation. 

2. Odd parity = HIGH; even parity = LOW. The parity mode is initialized to odd during a reset operation. 
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Table 4a. LH543601 Flag Definition Table ^ 



VAUD READ CYCLES REMAINING 

VALID WRITE CYCLES REMAINING 

FLAG 

FLAG 

= LOW 

FLAG 

= HIGH 

FLAG 

= LOW 

FLAG 

= HIGH 


MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

FF 

256 

256 

0 

255 

0 

0 

1 

256 


256-p 

256 

0 

255-p 

0 

p 

P + 1 

256 

HF 

129 

256 

0 

128 

0 

127 

128 

256 


0 

q 

q + 1 

256 

256-q 

256 

0 

255-q 

EF 

0 

0 

1 

256 

256 

256 

0 

255 


Table 4b. LH543611 Flag Definition Table ^ 



VAUD READ CYCLES REMAINING 

VALID WRITE CYCLES REMAINING 

FLAG 

FLAG 

= LOW 

FLAG 

= HIGH 

FLAG 

= LOW 

FLAG 

= HIGH 


MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

FF 

512 

512 

0 

511 

0 

0 

1 

512 

AF 

512-p 

512 

0 

511-p 

0 

p 

P + 1 

512 

HF 

257 

512 

0 

256 

0 

255 

256 

512 


0 

q 

q + 1 

512 

512-q 

512 

0 

511-q 

EF 

0 

0 

1 

512 

512 

512 

0 

511 


NOTE: 

1. p Is the number in the Almost-Full-Flag-Offset-Value register for that port, q Is the number in the Almost-Empty-Flag-Offset-Value register for that 
port. 
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PORT B WORD-WIDTH SELECTION 



Figure 6a. 36-to-18 Funneling Through FIFO #1 



Figure 6b. 36-to-9 Funneling Through FIFO #1 


NOTES: 

1. The heavy black borders on register segments indicate the main 3. The word-width setting may be changed during system operation; 

data path, suitable for most applications. Alternate paths feature however, two clock intervals should be allowed for these signals 

a different ordering of bytes within a word, at Port B. to settle, before again attempting to read Dob - Dose. Also, 

2. The funneling process does not change the ordering of bits within incomplete data words may occur when the word width is 

a byte. Halfwords (Figure 6a) or bytes (Figure 6b) are transferred changed from shorter to longer, at an inappropriate point in the 

in parallel form from Port Ato Port B. data block passing through the FIFO. 
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PRODUCT PREVIEW 


256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 


PORT B WORD-WIDTH SELECTION 


36-Bit Data Stream 


18-Bit Data Stream 


PORT 

A 



543601-331 


Figure 7a. 18-to-36 Defunneling Through FIFO #2 


36-Bit Data Stream 


9-Bit Data Stream 



543601-35 


Figure 7b. 9-to-36 Defunneling Through FIFO #2 


NOTES: 

1. The heavy black borders on register segments indicate the only 
data paths used. The other byte segments of Port B do not par¬ 
ticipate in the data path during defunneling. 

2. The defunneling process does not change the ordering of bits 
within a byte. Halfwords (Figure 7a) or bytes (Figure 7b) are 
transferred in parallel form from Port B to Port A. 


3. The word-width setting may be changed during system operation; 
however, two clock intervals should be allowed for these signals 
to settle, before again attempting to send data. Also, incomplete 
data words may occur when the word width Is changed from 
shorter to longer, at an inappropriate point in the data block pass¬ 
ing through the FIFO. 
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256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 


PRODUCT PREVIEW 


LH543601/11 


TIMING DIAGRAMS 



NOTK: _ 

1 . ^ overrides all other input signals, except for R/W^, and operates asynchronously. 
RS operates whether or not EN^ and/or ENb are asserted. 

2 . tpss, tpsH *^^©^1 not be met unless the rising edge of CK^ and/or CKb occurs 
while that clock is enabled. 

3. The parity ch^k is initialized to odd byte parity at reset. 

4. The AE and AF flag offsets are initialized to eight locations from the boundary at reset. 


Figure 8. Reset Timing 
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PRODUCT PREVIEW 


256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 
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LH543601/11 


PRODUCT PREVIEW 


256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 


TIMING DIAGRAMS (cont’d) 


READ FROM WRITE TO 



NOTES: _ 

1. The Port B Parity Error Flag (PFb) reflects the parity status of data present on the data bus. 

2. The status of OEb does not gate read or write operations. 

3. If OEb is left LOW during a write operation, then the previous data held in the output latch is 
written back into FIFO #2. 

_ _543601-25 


Figure 11. Port B FIFO Read/Write 
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256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 


PRODUCT PREVIEW 


LH543601/11 


TIMING DIAGRAMS (cont’d) 
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LH543601/11 


PRODUCT PREVIEW 


256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 


TIMING DIAGRAMS (cont’d) 


WRITE TO READ FROM 

MAILBOX #2 MAILBOX #1 



NOTES: _ 

1. Both edges of MBF 2 are synchronized to the Port A clock, CK^. 

2. Both edges of MBF^ are synchronized to the Port B clock, CKb- _ 

3. There is a maximum of two CK^ clock cycles of synchronization latency before MBF 2 
is asserted to indicate valid new mailbox data. 

4. The status of mailbox flags does not prevent mailbox read or write operations. 

_ 543601-23 

Figure 13. Port B Mailbox Access 
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LH543601/11 


PRODUCT PREVIEW 


256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 
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256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 


PRODUCT PREVIEW 


LH543601/11 
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LH543601/11 


PRODUCT PREVIEW 


256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 
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LH543601/11 


PRODUCT PREVIEW 


256 X 36 X 2 / 512 X 36 X 2 BIFIFOs 
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X 2 BiFIFOs 


PRODUCT PREVIEW 


LH543601/11 
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PRODUCT PREVIEW 


256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 










256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 


PRODUCT PREVIEW 
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PRODUCT PREVIEW 


256 X 36 X 2/ 512 X 36 X 2 BiFIFOs 
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256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 


PRODUCT PREVIEW 


LH543601/11 


TIMING DIAGRAMS (cont’d) 



Figure 26. Port B Double-Byte FIFO #1 Read Access for 
36-to-18 Funneling 



Figure 27. Port B Double-Byte FIFO #2 Write Access for 
18-to-36 Defunneling 


3HARR 


5-267 





LH543601/11 


PRODUCT PREVIEW 


256 X 36 X 2/512 X 36 X 2 BiFIFOs 


TIMING DIAGRAMS (cont’d) 



Figure 28. Port B Single-Byte FIFO #1 Read Access for 
36-to-9 Funneling 
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256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 


PRODUCT PREVIEW 


LH543601/11 


TIMING DIAGRAMS (cont’d) 



NOTES: 

1. ^ is held HIGH for FIFO access. 

2. OEb is held HIGH. 

3. WSq and WS^ both are held LOW for single-byte access. 

_ 543601-10 

Figure 29. Port B Single-Byte FIFO #2 Write Access for 
9-to-36 Defunneling 


CKa (CKb) 


R/Wa (RMb) 


REQa (REQb) 


ACKa (ACKb) 


AFi (AFg) 


Outside the 'almost-empty* region, 
acknowledge is continuous — 
for a continuous request. 


Starting at the third cycle after entering the 
'almost-empty' region, acknowledge 
occurs on every third cycle to prevent underrun 
of the empty condition. 



NOTES: 

1. For a FIFO access to occur, REQ and EN must be held HIGH for the required setup and hold times. 

2. ACK can be tied directly to EN to directly gate FIFO accesses. 

* Indicates where a write would take place, if ACK were tied to EN. 

3. REQ must be maintained HIGH throughout the entire clock cycle for ACK to be generated. 

4. When the REQ/ACK handshake is not used, ACK can be ignored, 
and REQ may be tied HIGH or used as a second enable. 

543601-8 


Figure 30. Write RequesVAcknowledge Handshake 
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LH543601/11 


PRODUCT PREVrEW 


256 X 36 X 2 / 512 X 36 X 2 BiFIFOs 


TIMING DIAGRAMS (cont’d) 


Outside the 'almost-empty' region, 
acknowledge is continuous — 
for a continuous request. 


Starting at the third cycle after entering the 
'almost-empty' region, acknowledge 
occurs on every third cycle to prevent underrun 
of the empty condition. 


CKa (CKb) 


R/Wa (R/Wb) 


REQa (REQb) 


ACKa (ACKb) 


AE2 (AEi) 
NOTES: 



1. For a FIFO access to occur, REQ and EN must be held HIGH for the required setup and hold times. 

2. ACK can be tied directly to EN to directly gate FIFO accesses. 

* Indicates where a read would take place, if ACK were tied to EN. 

3. REQ must be maintained HIGH throughout the entire clock cycle for ACK to be generated. 

4. When the REQ/ACK handshake Is not used, ACK can be ignored, 
and REQ may be tied HIGH or used as a second enable. 


Figure 31. Read Request/Acknowledge Handshake 


ORDERING INFORMATION 


LH543601/11 
Device Type 


X 

Package 


-## 

Speed 


15 

20 

25 Cycle Times (ns) 


30 

[35 

/ P 132-Lead, Plastic Quad Flat Package (PQFP132-P-S950) 
lY 120-Lead, Pin-Grid-Array Package (PGA120-C-S1360) 

- 256 X 36 X 2/512 X 36 X 2 Bidirectional FIFO 


Example: LH54361 IP-20 (512 x 36 x 2 Bidirectional FIFO, 20 ns, 132-Lead, Plastic Quad Flat Package) 

543601-37 
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LH543620 


ADVANCE INFORMATION 

1024 X 36 Synchronous FIFO 


FEATURES 

• Fast Cycle Times: 20/25/30 ns 

• Selectable 36/18/9-Bit Word Width for Both 
Input Port and Output Port 

• Byte-Order-Reversal Function (i.e., 
‘Big-Endian’ *->■ ‘Little-Endian’ Conversion) 

• 16-mA-loL Three-State Outputs 

• Automatic Byte Parity Checking 

• Selectable Byte Parity Generation 

• Five Status Flags: Full, Almost-Full, 
Half-Full, Almost-Empty, and Empty 

• Programmed Values may be entered from 
either Port 

• Two Enable Control Signals for each Port 

• Mailbox Register with Synchronized Flags 

• Asynchronous Data-Bypass Function 

• Data-Retransmit Function 

• Configurable for Paralleled FIFO Operation 
(72-Bit Data Width) 

• PQFP-to-PGA Package Conversion * 

• Package: Space-Saving PQFP 


* For PQFP-to-PGA conversion for thru-hole board designs, Sharp 
recommends ITT Pomona Electronics’ SMT/PGA Generic Con¬ 
verter model #5853®. This converter maps the LH543620 132- 
pin PQFP to a generic 13x13,132-pin PGA (100-mil pitch). For 
more information, contact Sharp or ITT Pomona Electronics at 
1500 East Ninth Street, Pomona, CA91766, (909) 469-2900. 


FUNCTIONAL DESCRIPTION 

The LH543620 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS RAM technology, 
capable of containing up to 1024 36-bit words. It can 
replace four or more nine-bit-wide FIFOs In many appli¬ 
cations. 

The input port and the output port operate inde¬ 
pendently of each other. Write operations are performed 
on the rising edge of the input clock OKI, and enabled by 
two enabled signals ENIi, ENI 2 . Read operations are 
performed on the rising edge of the output clock CKO and 
enabled by two enabled signals ENO 1 , ENO 2 . 

Five status flags are available to monitor the memory 
array status: Full, Almost-Full, Half-Full, Almost-Empty, 
and Empty. The Almost-Full and Almost-Empty flags are 
initialized to a default offset of eight locations from their 
respective boundaries, but they are each programmable 
over the entire FIFO depth. 

Both the input port and the output port may be set 
independently to operate at three data-word widths: 36 
bits, 18 bits, or 9 bits. This setting may be changed during 
system operation. The LH543620 can perform Byte-Or- 
der-Reversal on the four nine-bit bytes of each 36-bit data 
word passing through it, thus accomplishing ‘Big Endian’ 

‘Little Endian’ conversion. 

When data Is read out of the FIFO a byte-parity check 
is performed. The parity flag is used to indicate that a 
parity error was detected in one of the 9-bit bytes of the 
output word. 

Parity generation, when selected, creates the parity bit 
of each 8-bit byte of the input word. The result is written 
into the MSB-bit of each 9-bit byte, overwriting the pre¬ 
vious contents of the bit. The default is odd parity. How¬ 
ever, the FIFO may be programmed to use even parity. 

The LH543620 has a data-bypass mode that connects 
the output port to the input port asynchronously. A mailbox 
facility with Synchronized Flags Is provided from the input 
port to the output port. 

The LH543620’s ‘Smart-Retransmit’ capability sets the 
internal-memory read pointer to any arbitrary memory 
location. The ‘Smart-Retransmit’ capability includes a 
Marking Function and a Programmable Offset to support 
data communication and digital signal processing appli¬ 
cations. 
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Figure 1. LH543620 Block Diagram 



LH543620 ADVANCE INFORMATION 1024 x 36 Synchronous FIFO 



















1024 X 36 Synchronous FIFO 


ADVANCE INFORMATION 


LH543620 


PIN DESCRIPTIONS (SUMMARY) 


PIN NAME 

PIN 

TYPE* 

DESCRIPTION 

DATABUS 

D[35:0] 

1 

36-Bit Input-Port Databus 

Q[15:0] 

l/O/Z 

Three-State 36-Bit Output- 

Q[35:16] 

0/Z 

Port Databus 

CLOCKS 

CKI 

1 

Input-Port Clock 

CKO 

1 

Output-Port Clock 

ASYNCHRONOUS CONTROL 

RS 

1 

Master Reset 

OE 

1 

Output Enable 


1 

Data-Bypass Enable 

CAPR 

1 

Command-Address Port 
Reference 

CONTROL SIGNALS SYNCHRONOUS 


TO THE INPUT CLOCK 1 

ENIi,ENl2 

1 

Input-Port Enables 

ADI[2:0] 

1 

Input-Port Address 

WSI[1:0] 

1 

Input-Port Word-Width- 
Selection Address Field 

STATUS FLAGS SYNCHRONOUS 

TO THE INPUT CLOCK 

FF 

0 

Full Flag 


0 

Almost-Full Flag 

HF’ 

0 

Half-Full Flag 

Wf 

0 

Mailbox-Full Flag 


* I = Input, O = Output, V = Voltage, Z = Hlgh-Impedance 
1. The half-full flag is user-selectable to be synchronized to either OKI 
or CKO. 


PIN NAME 

PIN 

TYPE* 

DESCRIPTION 

CONTROL SIGNALS SYNCHRONOUS 

TO THE OUTPUT CLOCK 

ENO 1 .ENO 2 


Output-Port Enables 

ADO[2:0] 

1 

Output-Port Address Field 

WSO[1:0] 


Output-Port Word-Width- 
Selection Address Field 

RTMD[1:0] 

1 

Retransmit Mode Control 

RT 

_*_ 

Retransmit 

STATUS FLAGS SYNCHRONOUS 

TO THE OUTPUT CLOCK 

AE 

0 

Almost-Empty Flag 

EF 

0 

Empty Flag 

PF 

0 

Parity-Error Flag 


0 

Mailbox-Empty Flag 

VOLTAGES AND GROUNDS 

Vcc 

V 

Positive Power for Internal 
Logic 

Vcco 

V 

Positive Power for Output 
Drivers 

Vss 

V 

Ground for Internal Logic 

Vsso 

V 

Ground for Output Drivers 
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LH543620 


ADVANCE INFORMATION 


1024 X 36 Synchronous FIFO 


ABSOLUTE MAXtMUM RATINGS ^ 


PARAMETER 

RATING 

Supply Voltage to Vss Potential 

-0.5Vto7V 

Signal Pin Voltage to Vss Potential ^ 

-0.5VtoVcc + 0.5 V 

DC Output Current ^ 

±75 mA 

Storage Temperature Range 

-65°Cto150°C 

Power Dissipation (Package Limit) 

2 Watts (Quad Flat Pack) 


NOTES: 


1. Stresses greater than those liste^l under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for tran¬ 
sient conditions only. Functional operation of the device at these or any other conditions outside those indicated in the ‘Operating Range’ of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Negative undershoot of 1.5 V in amplitude is permitted for up to 10 ns, once per cycle. 

3. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

OPERATING RANGE 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Ta 

Temperature, Ambient 

0 

70 

OC 

Vec 

Supply Voltage 

4.5 

5.5 

V 

Vss 

Supply Voltage 

0 

0 

V 

ViL 

Logic LOW Input Voltage ^ 

-0.5 

0.8 

V 

ViH 

Logic HIGH Input Voltage 

2.2 

Vcc + 0.5 

V 


NOTE: 

1. Negative undershoot of 1.5 V in amplitude is permitted for up to 10 ns, once per cycle. 


DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

ILI 

Input Leakage Current 

Vcc = 5.5V,Vin = 0VToVcc 

-10 

10 

pA 

Ilo 

I/O Leakage Current 

OE > V|H, 0 V < VoUT ^ Vcc 

-10 

10 

HA 

VoL 

Logic LOW Output Voltage 

IOL= 16.0 mA 


0.4 

V 

VOH 

Logic HIGH Output Voltage 

Ioh = -8.0 mA 

2.4 


V 

Icc 

Average Supply Current ^ 

Measured at fc = maximum 


280 

mA 

ICC2 

Average Standby Supply Current ^ 

All Inputs = Vihmin (Clock idle) 


75 

mA 

ICC3 

Power-Down Supply Current ^ 

All Inputs = Vcc, Outputs - open, 
Control - deasserted. Clocks = Vcc 


1.0 

mA 


NOTE: 


1. Icc, Icc 2 , and Ices are dependent upon actual output loading, and Ice is also dependent on cycle times. Specified values are with outputs open; 
and, for Icc, operating at minimum cycle times. 
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1024 X 36 Synchronous FIFO 


ADVANCE INFORMATION 


LH543620 


AC TEST CONDITIONS 


PARAMETER 

RATING 

Input Pulse Levels 

Vss to 3 V 

Input Rise and Fall Times (10% to 90%) 

3 ns 

Output Reference Levels 

1.5 V 

Input Timing Reference Levels 

1.5 V 

Output Load, Timing Tests 

Figure 3 


CAPACITANCE 


PARAMETER 

rating 

CiN MAX. (Input Capacitance) 

8pF 

Gout MAX. (Output Capacitance) 

8pF 


+5V 



* INCLUDES JIG AND SCOPE CAPACITANCES 


Figure 3. Output Load Circuit 


NOTES: 

1. Sample tested only. 

2. Capacitances are maximum values at 25°C, measured at 1.0 MHz, with Vin = 0 V. 
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LH543620 


ADVANCE INFORMATION 


1024 X 36 Synchronous FIFO 


AC ELECTRICAL CHARACTERISTICS ^ (See Timing Diagrams Pages 21-35) 


SYMBOL 

DESCRIPTION 

-20 

-25 

-30 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

tc 

Clock Cycle Time 

20 


25 


30 


ns 

tCH 

Clock HIGH Time 

8 


10 


12 


ns 

tCL 

Clock LOW Time 

9 


12 


14 


ns 

tDS 

Data In Setup Time 

5 


6 


7 


ns 

tDSO 

Data Setup Time When Writing to Resource Register 
From Output Port 

10 


12 


14 


ns 

tDH 

Data In Hold Time 

1 


1 


1 


ns 

tDHO 

Data Hold Time When Writing to Resource Register 
From Output Port 

2 


2 


2 


ns 

tA 

Data Out Access Time 


14 


17 


21 

ns 

tOH 

Data Out Hold Time 

4 


5 


5 


ns 

tES 

Enable Setup Time 

5 


6 


7 


ns 

tEH 

Enable Hold Time 

1 


1 


1 


ns 

tOES 

Output Enable Setup Time 

6 


7 


8 


ns 

tOEH 

Output Enable Hold Time 

1 


1 


1 


ns 

tOL 

OE to Data Out Low-Z ^ 

1 


1 


1 


ns 

toz 

OE to Data Out High-Z ^ 


12 


15 


19 

ns 

tOE 

OE to Data Valid 


14 


17 


21 

ns 

tEF 

Empty Flag Access Time 


14 


17 


21 

ns 

tFF 

Full Flag Access Time 


14 


17 


21 

ns 

tAE 

AE Flag Access Time 


14 


17 


21 

ns 

tAF 

AF Flag Access Time 


14 


17 


21 

ns 

tHF 

HF Flag Access Time 


14 


17 


21 

ns 

tPF 

Parity Flag Access Time 


14 


17 


21 

ns 

tMFF 

Mailbox FF Access Time 


14 


17 


21 

ns 

tMEF 

Mailbox EF Access Time 


14 


17 


21 

ns 

tAS 

Address Setup Time 

9 


10 


11 


ns 

tAH 

Address Hold Time 

1 


1 


1 


ns 

twss 

WSI and WSO Setup Time 

5 


6 


7 


ns 

tWSH 

WSI and WSO Hold Time 

1 


1 


1 


ns 

tFTTMS 

Retransmit Mode Setup Time 

5 


6 


7 


ns 

tRTMH 

Retransmit Mode Hold Time 

1 


1 


1 


ns 

tRTS 

Retransmit Setup Time 

5 


6 


7 


ns 

tRTH 

Retransmit Hold Time 

1 


1 


1 


ns 

tRS 

Reset Pulse Width 

20 


25 


30 


ns 

tRSR 

Reset Recovery Time ^ 

10 


12 


15 


ns 

tRF 

Reset LOW to Flag Valid 


30 


35 


40 

ns 

tRO 

Reset to Data Out LOW 


20 


25 


30 

ns 

tBA 

Bypass LOW to Data Valid 


14 


17 


21 

ns 

tBD 

Bypass Propagation Delay 


14 


17 


21 

ns 

tSKEWI 

Skew Time Between CKO and CKI for FF ^ 

14 


17 


21 


ns 

tSKEW2 

Skew Time Between CKI and CKO for EF ^ 

14 


17 


21 


ns 

tSKEWM 

Skew Time Between Clock for Mailbox Flags 

14 


17 


21 


ns 


NOTES: 

1. Timing measurements performed at ‘AC Test Condition’ levels. 

2. Values are guaranteed by design; not currently tested. 

3. These times also apply to the Programmable-Almost-Full and Half-Full flags when they are synchronized to CKI. 

4. These ttmes also apply to the Half-Full and Programmable-Almost-Empty flags when they are synchronized to CKO. 
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1024 X 36 Synchronous FIFO 


ADVANCE INFORMATION 


LH543620 


PIN DESCRIPTIONS (FUNCTIONAL) 


PIN NAME 

DESCRIPTION 

DATABUS 

D[35:0] 

36-bit Input-Port Databus. The D port is the input port for the FIFO memory array, the resource 
registers, and the mailbox, or it may be directly connected to the output port. See Figure 4. 

D[35:0] is synchronous to the rising edge of CKI. 

Q[35:0] 

Three-State 36-Bit Output-Port Databus. The Q port Is the output port for the FIFO memory 
array, the resource registers, and the mailbox, or It may be directly connected to the input port. 

See Figure 4. Q[35:0] is synchronous to the rising edge of CKO. The lower 16 bits of the Q port 
(Q[15:0]) may also be used as the Input port for the resource register. 

CLOCKS 

CKI 

Input-Port Clock. CKI Is a free-running waveform controlled by an oscillator. It may be Irregular 
or asynchronous if minimum clock-HIGH times and clock-LOW times are met. 

CKO 

Output-Port Clock. CKO is a free-running waveform controlled by an oscillator. It may be 
irregular or asynchronous if minimum clock-HIGH times and clock-LOW times are met. 


INPUT PORT OUTPUT PORT 



* All the opera tions are synchronized to CKI, * All the opera tions are synchronized to CKO, 

except MEF is set HIGH on CKO. except MFF is set HIGH on CKI. 

543620-5 


Figure 4. Resource Registers, Read and Write 
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LH543620 


ADVANCE INFORMATION 


1024 X 36 Synchronous FIFO 


PIN NAME 

DESCRIPTION 

ASYNCHRONOUS CONTROL 

RS 

Master Reset. When asserted LOW, the LH543620 internal resource registers are set to their 
default value. See Table 1. The status flags indicate Empty FIFO. 

OE 

Output Enable. When asserted LOW, OE forces Q[35:0] to be active. When deasserted HIGH, 

OE forces Q[35:0] into a Hi-Z state. Bit 6 of the control register governs whether OE suppresses 
the advancement of the Read Pointer (RP). In this case, OE must obey setup time and hold time 
relative to CKO. 

BYE 

Data-Bypass Enable. When asserted LOW, BYE connects Q[35:0] directly to D[35:0]. 

CAPR 

Command-Address Port Reference. CAPR determines the source of the 16-bit word to be 
loaded Into the resource register. Whenever CAPR is LOW, the word comes from the Input Port. 
Whenever CAPR is HIGH (OE Is HIGH), the word comes from the Output Port. 

NOTES: 

1. The destination of the resource register is always the Output Port. 

2. CAPR is assumed to be a steady signal. It is not allowed to change ‘on-the-fly’ during 
operation. 

CONTROL SIGNALS SYNCHRONOUS TO THE INPUT CLOCK 

ENIi,ENl2 

Input-Port Enables. ENIi and ENI 2 are active HIGH and synchronous to the rising edge of CKI. 
Data is written into the FIFO memory array when both ENI 1 and ENI 2 are asserted HIGH. 

NOTE: ENI 1 , ENI 2 DO NOT ENABLE writing data Into the Resource Registers or the Mailbox. 

ADI[2:0] 

Input-Port Address. ADI[2:0] specifies the Input-Port destination. See Table 1. ADI[2:0] is 
synchronized to the rising edge of CKI. 

WSI[1:0] 

Input-Port Word-Width-Selection Address Field. WSI[1:0] selects the Input-Port Word-Width. 

See Table 2. WSI[1:0] Is synchronous to the rising edge of CKI. 


Tablet. Input-Port Address Field Table 2. Input-Port Word-Width Selection 


ADI 2 

ADI 1 

ADio 

SELECTION 

DEFAULT VALUE 
(of the selected 
REGISTER) 

L 

L 

L 

RBASE 

register 

0 

L 

L 

H 

ROFFSET 

register 

0 

L 

H 

L 

AF offset value 

8 

L 

H 

H 

Parity register 

0 

H 

L 

L 

AE offset value 

8 

H 

L 

H 

Control register 

1 

H 

H 

L 

Mailbox 

0 

H 

H 

H 

Resource 
registers write 
disabled 



WSI 1 

WSIo 

FUNCTION 

L 

L 

9-Bit Data-Path 
Width 

Input data D[8:0] 

L 

H 

18-Bit Data-Path 
Width 

Input data D[17:0] 

H 

L 

Reserved 

H 

H 

36-Bit Data-Path 
Width 

Input data D[35:0] 
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1024 X 36 Synchronous FIFO 


ADVANCE INFORMATION 


LH543620 


PIN NAME 

DESCRIPTION 

STATUS FLAGS SYNCHRONOUS TO THE INPUT CLOCK 

FF 

Full Flag. FF is synchronous to the rising edge of CKI. When asserted LOW, 1024 36-bit words 
of the FIFO memory array contain meaningful data. When FF is asserted, writing data to the 

FIFO Is disabled. 


Almost-Full Flag. When asserted LOW, AF indicates that there are at most ‘p’ vacant 36-blt 
words remaining In the FIFO memory array, where ‘p’ Is the value of the Almost-Full-Offset- 
Value. AF has two synchronization modes depending on Bit 5 of the control register. 

Bit 5 = 0 (Default) Asynchronous Mode 

Bit 5= 1: AF is synchronous to the rising edge of CKI. 

HF 

Half-Full Flag. When asserted LOW, there are at least 513 36-bit words in the FIFO memory 
array. HF has three synchronization modes depending on Bits 3 and 4 of the control register. 

See Table 3. 


Mailbox-Full Flag. MFF is synchronized to the rising edge of CKI. When asserted LOW, It 
indicates that a new mail word has been placed In the mailbox. 

CONTROL SIGNALS SYNCHRONOUS TO THE OUTPUT CLOCK 

ENOi, ENO 2 

Output-Port Enables. ENO 1 and ENO 2 are active HIGH, synchronous to the rising edge of 

CKO. Data is read from the FIFO memory array when both ENO 1 , ENO 2 are asserted. 

NOTE: ENO 1 , ENO 2 DO NOT ENABLE reading data from the Resource Register or the 

Mailbox. 

ADO[2:0] 

Output-Port Address Field. ADO[2:0] specifies the Output-Port source/destination. See Table 

4. ADO[2:0] Is synchronous to the rising edge of CKO. 

NOTE: in order to read the resource register at the output bus, BYE should be deasserted and 
the FIFO memory array should be disabled. 


Table 3. HF Synchronization Modes 


CONTROL 

REGISTER 

FUNCTION 

BIT 4 

BITS 

L* 

L* 

Asynchronous Mode: FiF 

L 

H 

Synchronous Mode 1: HF Is 
synchronous to the rising edge of CKO 

H 

L 

Synchronous Mode II: HF Is 
synchronous to the rising edge of CKI 

H 

H 


* Default Mode 


Table 4. Output-Port Address Field 


ADO 2 

ADO 1 

ADOo 

SELECTION 

DEFAULT VALUE 
(of the selected 
REGISTER) 

L 

L 

L 

RBASE 

register 

0 

L 

L 

H 

ROFFSET 

register 

0 

L 

H 

L 

AF offset 
value 

8 

L 

H 

H 

Parity register 

0 

H 

L 

L 

offset 

value 

8 

H 

L 

H 

Control 

register 

1 

H 

H 

L 

Mailbox 

0 

H 

H 

H 

Resource 
registers read 
disabled 

Not applicable 
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PIN NAME 

DESCRIPTION 

CONTROL SIGNALS SYNCHRONOUS TO THE OUTPUT CLOCK (cont*d) 

WSO[1:0] 

Output-Port Word-Width-Selection Address Field. WSO[1:0] is synchronous to the rising 
edge of CKO. WSO[1:0] selects the Output-Port Word-Width and controls byte-order-reversal 
according to Table 5. 

RTMD[1:0] 

Retransmit Mode Control. RTMD[1:0] is synchronized to the rising edge of CKO. RTMD[1:0] 
controls the placement of new contents into the Read Pointer (RP) and/or the Retransmit Base 
(RBASE) registers. Whenever Retransmit (RT) is asserted, one of three operations is performed 
according to the setting of RTMD[1:0]. See Table 6. 

NOTES: 

1. When RTMD[1:0] Is set to 0, the FIFO is in depth cascade mode, and the Retransmit 
mechanism can not be used. In cascade mode, the Almost-Empty Flag is a handshake signal 
for cascading. The Almost-Empty Flag is used as an input to the ENI of the next FIFO in the 
chain. 

2. In standaf^d FIFO operation RTMD[1:0] must be set to 3 and the Retransmit signal should be 
HIGH. 

Wf 

Retransmit. RT is synchronized to the rising edge of CKO. When asserted LOW, RT causes 
one of the Retransmit Mode operations to be performed, according to the encoding of 

RTMD[1:0]. See Table 6. _ 

NOTE: When RTMD[1:0] = 0 (FIFO Is In cascade mode) RT is ignored. 


Table 5. Output-Port Word-Width Selection 


WSOi 

WSOo 

FUNCTION 

L 

L 

9-Bit Data-Path 
Width 

Output data Q[8:0] 

L 

H 

18-Bit Data-Path 
Width 

Output data Q[17:0] 

H 

L 

36-Bit Data-Path 
Width With Byte- 
Order-Reversal 

Output data Q[35:0] 

H 

H 

36-Bit Data-Path 
Width 

Output data Q[35:0] 


Table 6. Retransmit Operation Modes 


RTMDi 

RTMDo 

OPERATION 

ACTION TAKEN 

L 

L 

Depth 

Cascade 

Mode 

The Almost-Empty 
Flag is a handshake 
signal for cascading 

L 

H 

Retransmit 

(RBASE) + 
(ROFFSET) RP 

H 

L 

Retransmit 
and Mark 

(RBASE) + 
(ROFFSET) RP 
and 

(RBASE) + 
(ROFFSET) 

RBASE 

H 

H 

Mark 

(RP) RBASE 
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PIN NAME 

DESCRIPTION 

STATUS FLAGS SYNCHRONOUS TO THE OUTPUT CLOCK 

AE 

Almost-Empty Flag. The AE flag has two modes of operation depending on the RTMD[1:0] 
setting. 

1 . RTMD[1 :0] ^ 0: AE is a standard Almost-Empty Flag. When asserted LOW, AE implies that 
there are at most ‘q’ 36-bit words In the FIFO memory array, where ‘q’ is Almost-Empty-Offset- 
Value register value. In this mode AE has two synchronization options depending on the setting 
of Bit 2 of the control register. 

Bit 2 = 0 (Default) Asynchronous Mode 

Bit 2= 1 Synchronous Mode: AE Is synchronous to the rising edge of CKO. 

2. RTMD[1 :0] = 0: AE is a handshake signal for cascading. 

EF 

Empty Flag. EF is synchronous to the rising edge of CKO. When asserted LOW, all 1024 

36-bit words are vacant. When asserted, EF disables the FIFO Read operation. 


Parity-Error Flag. ^ is synchronized to the rising edge of CKO. When asserted LOW, PF 
implies that a parity error has occurred in at least one 9-blt byte within a 36-blt word read from 
the FIFO memory array. If there are no errors, it Is deasserted HIGH. When an error is 
detected, the parity check result of each 9-bit byte of the 36-blt output word is written to the 
parity register. The content of the parity register is frozen until read. The PF signal Is delayed by 
one CKO cycle compared to the output data (i.e., if the PF Is asserted, there was an error in the 
previous word). 


Mailbox-Empty Flag. MEF is synchronous to the rising edge of CKO. When asserted LOW, 

MEF indicates that there is no new mall word in the mailbox. 

VOLTAGES AND GROUNDS 

Vcc 

Positive Power for Internal Logic. 

Vcco 

Positive Power for Output Drivers. 

Vss 

Ground for internal Logic. 

Vsso 

Ground for Output Drivers. 


OPERATIONAL DESCRIPTION 

The LH543620 has four operating modes: 

• Normal Mode 

• Programmable Resource Registers 

• Mailbox 

• Data Bypass 

NORMAL MODE 

Normal FIFO operation refers to Read and Write op¬ 
erations to the FIFO memory array. Data Write operations 
into the FIFO memory array occur at the rising edge of 
OKI. The operation Is enabled if both ENIi and ENI 2 are 
asserted HIGH. Data Read operations from the FIFO 
memory occur at the rising edge of CKO. The operation 
is enabled if both ENO 1 and ENO 2 are asserted HIGH. 


The FIFO write and read operations are supported by 
the following mechanisms: 

• Byte-Order-Reversal and Bus Funneling/Defunneling 
Functions 

• Status Flags 

• Retransmit Mechanism 

• Parity Checking 

• Parity Generation 


SHARR 


5-283 






LH543620 


ADVANCE tNFORMATION 


1024 X 36 Synchronous FIFO 


Byte-Order-Reversal and Bus Funneling/ 
Defunneling Functions 

Word width can be selected at the Input Port and/or 
the Output Port to be 36, 18 or 9 bits wide. When the 
Output Port width is selected to be 36 bits, it is possible 
to select Byte-Order-Reversal. 

The funneling mechanism is controlled by the inputs 
WSI[1:0] and WSO[1:0] according to Tables 2 and 5. Data 
is packed and unpacked from a 36-bit word memory array. 
Table 7 describes all combinations of funneling/defunneling. 

Changes to the funneling/defunneling settings during 
system operation should be made one clock before a 
word boundary, as shown in Example 3. 


Example 1: SG-to-O Funneling 


CONDITIONS 

RESULTS 

WSI[1:0] 

WSO[1:01 

3 

- 

Input 36 bits wide. 

- 

0 

Output 9 bits wide. 

Pins used are Q[8:0]. 


The dataflow structure is illustrated by Figure 5. 


Example 2: 18-to-36 Defunneling With Byte Reversal 
This example performs two functions: 

1. Bus width change 

2. Big Endian to Little Endian conversion 


This configuration can be used for connecting the Intel 
80286 to the Motorola 68040. 


CONDITIONS 

RESULTS 

WSI[1:0] 

wsori:01 

1 

- 

Input 18 bits wide. 

Pins used are D[17:0]. 

- 

2 

Output 36 bits wide with byte 
reversal order. 


The dataflow structure Is Illustrated by Figure 6. 

Example 3: Changing Input Bus Width From 9 to 36 
During Operation 


CKI 

WSI 

ACTION 

0 

0 

Write 1st9-bltbyte 

1 

0 

Write 2nd 9-bit byte 

2 

0 

Write 3rd 9-blt byte 

3 

3 

Write 4th 9-bit byte 

4 

3 

Write 1st 36-bit word 


Table 7. Bus Funneling/Defunneling * 


INPUT 

OUTPUT 

CKI 

WSI = 0 

CKO 

WSO=:3 

WSO = 2 

WSO = 1 

WSO = 0 

cycles 

D[35:91 

D[8:0] 

cycles 

Q[35:0] 

Q[35:01 

Qr35:181 

O[17:01 

Q[35:91 

O[8:01 

0 

XXX 

BO 

0 

B3 

B2 

B1 

BO 

BO 

B1 

B2 

B3 

B3 

B2 

B1 

BO 

ESI 

Ea 

BU 

BO 

1 

XXX 

mm 

1 

Ea 

!Ea 


m 

m 

Ea 

lEa 

Ea 

m 

15B1 

1=^ 

Ea 

15*1 


Ea 

B1 

2 

XXX 

mm 

2 









Ea 

Ea 

Ea 

Ea 

IM 



B2 

3 

XXX 

EH 

3 









1^9 

m 

Ea 

Ea 


EO 

ESI 

B3 

4 

XXX 

mm 
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Ea 

Ea 

Ea 

B4 

5 
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6 
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mm 
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7 
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mm 
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8 
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mm 
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B1 

n 
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B3 
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B1 
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B3 

B2 

B1 

BO 

1 

XX 

m 

wm 

1 

B7 

B6 

"b? 

B4 

B4 

B5 

B6 

B7 

B1 

BO 

B3 

B2 

BO 

B3 

B2 

B1 

2 

XX 
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2 









B7 

B6 

B5 

B4 

B1 

BO 

B3 

B2 

3 

XX 

Ea 

Ea 
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Ea 

Ea 

Ea 


m 

ESI 

B3 

4 

XX 

Ea 

EOI 

4 













Ea 

Ea 

Ea 

B4 
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WSO = 3 
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mm 
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0 

B3 

Lb2J 
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BO 

0 

B3 
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B1 

BO 

BO 

B1 
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B3 
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B1 
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E3 

Ea 
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B2 
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CKI CKO 


NOTES: 

HEAVY SOLID LINES = Main data path. 

SHADED LINES = Not used for this application. 

_543620-30 


Figure 5. 36>to-9 Bus Funneling 


CKI 

NOTES: 

HEAVY SOLID LINES = Main data path. 
SHADED LINES = Not used for this application. 



Figure 6. Example of 18*to-36 Bus Defunneling 
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Status Flags 

There are five status flags: 

FF Full Flag 

AF Almost-Full Flag 

FF Half-Full Flag 

EF Empty Flag 

AE Almost-Empty Flag 

EF Empty Flag 

The functionality and the synchronization of the status 
flags are detailed in the Pins Descriptions (Functional) 
section. All status flags are generated for 36-bit word 
widths, not according to selected input or output port 
widths. 

Retransmit Mechanism 

With standard FIFO operations, every data word can 
be read out of the FIFO once. The Retransmit mechanism 
allows reading the data more than once by providing 
flexible control of the Read Pointer. 

Associated with the Retransmit mechanism are three 
control lines: RTMD[1:0], RT, and two Resource regis¬ 
ters: RBASE and ROFFSET. 

RTMD[1:0] sets the mode of operation. See Table 6. 

RT enables the operation synchronous to CKO. 
Retransmit allows three modes of operation: 

Mark: RTMD[1:0] = 3 and Wf is asserted. The value of 
the Read Pointer is saved Into the RBASE register. 

Retransmit: RTMD[1:0] = 1 and ^ is asserted. The 
Read Pointer is loaded by the value of RBASE plus the 
value of ROFFSET. 

Retransmit and Mark: RTMD[1:0] = 2 and RT is as¬ 
serted: The Read Pointer Is loaded by the value of RBASE 
plus the value of ROFFSET. Then the value of the Read 
Pointer is saved into the RBASE register. 

The timing of the retransmit Is illustrated in Figures 26 
and 27. 

When RT is asserted and RTMD[1:0] is set to 1 or 2, 
the flags change their value to indicate a ‘Retransmit 
state’, i.e., EF, AE, FF deasserted; AF, HF asserted. 
Three enable-read cycles are required to read the new 
data word. The flags reflect the new status. The retransmit 
Is acknowledged even when the output is disabled 
(ENO = LOW), but enable-read cycles are needed to fill 
the pipeline with new Information before reading the new 
data. 


NOTES 

1. The Retransmit mechanism can be used inde¬ 
pendently and parallel to the write operation. 

2. When using normal read and write operations, the FF 
inhibits writing when the FIFO is full and the EF 
inhibits reading when the FIFO is empty. This behav¬ 
ior provides a protection from wraparound situations 
(I.e., the Read pointer is ahead of the Write Pointer). 
This protection Is NOT provided when using retrans¬ 
mit. The user should be careful not to write more than 
1024 words from the marked point. 

3. When the retransmit mechanism Is not used, the 
recommended connection is: 

RTMD[1:0] = 3 
RT = HIGH 

The Retransmit mechanism can be useful In many 
applications. For example: 

1. Computer-communications applications. 

When the receiver reads a block of data and finds no 
errors in the data block, it can mark the beginning of 
the new message by setting the FIFO in MARK mode 
RTMD[1:0] = 3 and assert the RT signal for one clock 
cycle. 

If the receiver finds an error In the data block. It can 
read the last message again by setting the FIFO in 
Retransmit mode RTMD[1:0] = 1 and asserting the 
RT signal for one cycle. 

2. Overlap addressing for DSP applications. 

A typical DSP consists of A/D-FIFO-DSP. In many 
applications, the DSP needs to read a block of data 
where each block overlaps the previous block (like 
the overlap-and-save method for filtering.) The over¬ 
lap addressing can be implemented by using the 
LH543620 with no additional hardware as follows: 

The FIFO is set to retransmit and mark mode: 
RTMD[1:0] = 2, the AF offset register is programmed 
to N = Block Size, and the ROFFSET register is 
programmed to (N - Overlap). The data is loaded into 
the FIFO each time CKin Is triggered. 

The DSP can sense the ^ flag of the FIFO. When¬ 
ever this flag is being asserted, a new block of data 
is available in the FIFO. The DSP then reads a block 
of data, and then asserts the FIFO’s RT signal, which 
causes the RP and RBASE register to be set at the 
beginning of the new block. 
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Parity Checking 

The Parity checking mechanism is always active. Par¬ 
ity checking is done separately for each of the 9-bit bytes 
of the 36-bit word read from the memory array. Toggling 
Bit 0 of the control register selects odd or even parity. 
When a parity error is detected in one or more bytes, the 
signal PF is asserted and the result of the individual parity 
checks are written to the parity register. See Example 3. 

The parity register is frozen until read. When read, the 
parity register is released and ready to store the next 
parity error data. 

Parity Generation 

After Reset, parity generation Is not active. Parity 
generation is active only when Bit 1 of the control register 
Is HIGH. The parity mechanism, when enabled, creates 
a parity bit for each of the bytes of the input word. The 
parity bit for each byte Is created based on its 8 least 
significant bits of each 9-bit byte of the input-data word 
and on Bit 0 of the control register (It specifies odd or even 
parity). The result of the parity generation is written back 
to the MSB of the data byte. See Example 4. 


PROGRAMMABLE RESOURCE REGISTERS 

The LH543620 has six programmable resource regis¬ 
ters. The resource registers may be loaded from either 
the Input Port or the Output Port. They can be read from 
the Output Port. The selection and loading or reading of 
the resource registers is controlled by ADI, ADO and 
CAPR. See Tables 1 and 4 and Figure 4. 

The resource registers are: 

Control (Default = 1). 

AE Offset - Offset value of the AE flag (Default = 8). 

AF Offset - Offset value of the ^ flag (Default = 8). 

RT Offset - Offset value of the Retransmit mechanism 
(Default = 0). 

RT Base - Base register of the Retransmit mechanism 
(Default = 0). 

Parity 


EXAMPLE 3 


Output word: 
Odd parity: 
Even parity: 


PARITY CHECK 

Q35 QO 

100111100 000111100 100111000 000111000 

Parity Register = 0110; PF-Asserted Low 
Parity Register =1001; PF-Asserted Low 


EXAMPLE 4 



PARITY GENERATION 




D35 



DO 

Input word: 

100111100 

000111100 

100111000 

000111000 

Output, odd parity: 

100111100 

100111100 

000111000 

000111000 

Output, even parity: 

000111100 

000111100 

100111000 

100111000 
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Control Register (See Figure 7) 

After reset, the control register’s value is 1. This sets 
the following conditions: 

Odd parity 

Disabling parity generation (parity check is active). 

FP, ^ flags are asynchronous. 

OE signal does not control the Read pointer. 

Read/Write Resource Register Mode 

It is possible to write to the resource registers from 
either the Input Port or the Output Port. Reading from the 
resource register Is possible only from the Output Port. 
The source port for the write operation is determined by 
the control signal CAPR. 

Input Port: 

Data from the Input Port is written to a resource register 
when: 

the value of the input-address field, ADI, selects the 
register (see Table 1) 

CAPR is LOW 

The operation is enabled by ADI[2:0] and synchronized 
toCKI. 


Output Port: 

Data from the Output Port is written to a resource 
register when: 

the value of the output-address field, ADO, selects the 
register (see Table 4) 

CAPR is HIGH 

OE is HIGH 

Data Is read from a resource register to the Output Port 
when: 

the value of the output-address field, ADO, selects the 
register (see Table 4) 

OE is LOW 

Both operations are enabled by ADO[2:0] and are 
synchronous to CKO. 

MAILBOX 

The mailbox mechanism includes: 

One 36-blt data register. 

Two status flags: 

- MFF Mailbox Full Flag 

- MEF Mailbox Empty Flag 



EVEN PARITY 
ODD PARITY 

PARITY GENERATION IS DISABLED 
PARITY GENERATION IS ENABLED 

^ ASYNCHRONOUS 
AE SYNCHRONOUS TO CKO 

HF ASYNCHRONOUS 
HF SYI^HRONOUS TO CKO 
OR 3 HF SYNCHRONOUS TO CKI 

^ASYNCHRONOUS 
AF SYNCHRONOUS TO CKI 

^ DOES NOT CONTROL THE READ POINTER 
OE CONTROLS THE READ POINTER 


543620-29 


Figure 7. LH543620 Control Register 
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Writing to the Mailbox is enabled from the Input Port 
when the Input Port address field ADI[2:0] = 6. The write 
operation is synchronous to the rising edge of CKI. 

When writing to the Mailbox, the status flags are 
changed as follows: 

MEF is deasserted HIGH on the rising edge of CKO. 

MFF is asserted LOW on the rising edge of CKI. 

A Mailbox read is enabled from the Output Port, when 
the Output Port address field ADO[2:0] = 6. The Read 
operation is synchronized to CKO. 

When reading the Mailbox, the status flags are 
changed as follows: 

MEF is asserted LOW on the rising edge of CKO. 

MFF Is deasserted HIGH on the rising edge of CKI. 

Af ter reset the Mailbox is empty (i.e., MFF = HIGH, 
MEF = LOW). 

When using Mailbox, the transmitter side can transfer 
a message to the receiver side without interrupting the 
data in the FIFO memory array. 

DATA BYPASS MODE 

Data Bypass mode is selected when BYE = LOW, In 
this mode, data may be transferred asynchronously from 
the Input Port to the Output Port. The device may be 
placed In Data Bypass mode without voiding the contents 
of the FIFO memory array, the Mailbox Register, or the 
Resource Register. However, if the input is enabled 
(ENIi ,2 = HIGH) then the input data D is also written to 
the FIFO memory array on the rising edge of CKI. If the 
Output is enabled, (ENOi ,2 = HIGH) then the input data 
D is transferred to the output buffer, and the Read Pointer 
Is increm ented by CKO. The control signal OE is function¬ 
ing when BYE is asserted. 


The recommended control setting for bypass Is: 

ENI = LOW, EI^ = LOW, ADI[2:0] = 7, 

ADO[2:0] = 7, OE = LOW, BYE = LOW 

OPERATIONAL MODES AND CONFIGURATIONS 
Interlocked Width Expansion (Figure 8A) 

Two LH543620S may be configured to expand the 
width to 72 bits. This Is accomplished by: 

Cross-connecting the FF output of each FIFO to ENIi 
(or ENI 2 ) input of the other FIFO. 

Cross-connecting the^ output of each FIFO to ENO 1 
(or ENO 2 ) input of the other FIFO. 

The composite status flags are the OR function of the 
individual flags. 

Pipeline Cascading Mode and Two-Dimension’ 
Pipeline Cascading Mode (Figure 8B and 8C) 

Depth cascading Is accomplished by: 

Setting the upper FIFO into cascade mode: 
RTMD[1:0] = 0 

Connecting the same free-running clock to CKO of the 
upper FIFO and to CKI input of the lower FIFO. 

Connecting the ^ output of the upper FIFO to ENI 1 
input (or ENI 2 ) of the lower FIFO. 

Connecting the FF output of the lower FIFO to ENO 1 
input (or ENO 2 ) of the upper FIFO. 


SHARR 


5-289 





LH543620 


ADVANCE INFORMATION 


1024 X 36 Synchronous FIFO 



CKI 

CKO 

ENIi 

ENO 1 

ENI 2 


Ff 

D[35:0] 

ENO 2 

RTMDri;0] Q[35:0] 



CKI 

CKO 

ENI 1 

ENO 1 

ENI 2 

EF 

FF 

ENO 2 

D[35:0] 

RTMD[1:0] Q[35:0] 


B. PIPELINED CASCADING MODE 


COMMON_ 

CLOCK 



CKI 

CKO 

ENI^ 

ENOt 

ENI 2 


FF 

ENO 2 

D[35:0] 

RTMD[1:0] Q[35:01 
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TIMING DIAGRAMS 



1. Both ENI^ and ENI 2 must be asserted (HIGH) to enable write operations. 

2. Both ENO 1 and ENO 2 must be asserted (HIGH) to enable read operations. 


Figure 9. Write and Read Operation 
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Figure 10. Empty Flag Timing 
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WORD (1024 - p-1) WRITE OCCURS WORD (1024 - p-1) READ OCCURS 



NOTES: _ 

1. The synchronization mode of AF is set by programming bit 5 of control register. 

2. When in synchronization mode and tsKEW < specification) then AF may change one CKI later. 


Figure 12. Almost-Full Flag - 
Synchronous and Asynchronous Modes 
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Figure 13. Almost-Empty Flag - 
Synchronous and Asynchronous Modes 
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Figure 25. Mailbox Write 
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FIFO Cross Reference 


FIFO CROSS REFERENCE 


ORGANIZATIONAL 

STRUCTURE 

SHARP MODEL * 

COMPETITIVE 

VENDOR 

COMPETITIVE 

MODEL 

ACCESS TIME 

PACKAGE 

OPTIONS 

256 X 36 X 2 

LH5420 

Mosel/Vitelic 

MS76542 

25/30/35 ns 

PQFP/PGA 

64x8 

LH5481 

Cypress 

CY7C408 

35/25/15 MHz 

DIP/PLCC 

64x9 

LH5491 

Cypress 

CY7C409 

35/25/15 MHz 

DIP/PLCC 

4,096 X 9 

LH5492 

Mosel/Vitelic 

MS76492 

25/30/35 ns 

PLCC 

512x9 

LH5496/96H 

AMD 

Am7201 

15 to 80 ns 

DIP/PLCC 



Cypress 

CY7C420 


DIP 




CY7C421 


DIP/PLCC 



Dallas 

DS2009 





IDT 

IDT7201 





Micron 

MT52C9005 





Mosel/Vitelic 

MS7201A 





MUSIC 

MU9C7201 





Quality 

QS7201/8201 





Samsung 

KM75C01 





SGS 

MK4501 



1,024x9 

LH5497/97H 

AMD 

Am7202A 

15 to 80 ns 

DIP/PLCC 



Cypress 

CY7C424 


DIP 




CY7C425 


DIP/PLCC 



Dallas 

DS2010 





IDT 

IDT7202 





Micron 

MT52C9010 





Mosel/Vitelic 

MS7202A 





MUSIC 

MU9C7202 





Quality 

QS7202/8202 





Samsung 

KM75C02 



2,048 X 9 

LH5498 

AMD 

Am7203 

15 to 80 ns 

DIP/PLCC 



Cypress 

CY7C428 


DIP 




CY7C429 


DIP/PLCC 



Dallas 

DS2011 





Hitachi 

HM63921 





IDT 

IDT7203 





Micron 

MT52C9020 





Mosel/Vitelic 

MS7203 





MUSIC 

MU9C7203 

1 




Quality 

QS7203/8203 





Samsung 

KM75C03 





SGS 

MK4503 



4,096 X 9 

LH5499 

AMD 

Am7204 

20 to 80 ns 

DIP/PLCC 



Cypress 

CY7C432 


DIP 




CY7C433 


DIP/PLCC 



Dallas 

DS2012 





Hitachi 

HM63941 





IDT 

IDT7204 





Mosel/Vitelic 

MS7204 





MUSIC 

MU9C7204 





Quality 

QS7204/8204 




* Released to production as of the date of publication of this data book. 
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Pseudo SRAMs 


256K (32K x 8), 1M (128K x 8), 4M (512K x 8) 


Bob Laird, Field Applications Engineer 


INTRODUCTION 

The Sharp LH5P8512 is a 4I\/I bit Pseudo-Static RAM 
(PSRAM) manufactured on a 0.8 pm CMOS process in 
one of Sharp’s state-of-the-art wafer fabs. The LH5P8512 
is the newest member of SHARP’S family of PSRAMs that 
began with the 256K bit LH5P832. 

Sharp is committed to expanding its presence in the 
PSRAM market, which has been growing rapidly over the 
last few years. Initially developed as a low-cost alternative 
to a Static RAM (SRAM), the PSRAM has also success¬ 
fully replaced Dynamic RAMs (DRAM) in certain applica¬ 
tions. This application note will discuss the advantages 
and disadvantages of using a PSRAM over an SRAM or 
DRAM. 

DEFINITIONS 

A DRAM Is a volatile, dynamic memory IC. Volatile 
means that if it loses power, It will also lose its memory. 
Dynamic means that it must constantly be refreshed since 
the memory cell itself utilizes a small storage capacitor 
that must be constantly recharged. Refresh is accom¬ 
plished when the memory contents of a row of cells are 
read by the sense amplifiers, and the logic states that 
were read are amplified and written back to the cells. 

An SRAM is a volatile, static memory IC. Static means 
that it will maintain Its memory indefinitely with no external 
clocking, as long as power is supplied. The memory cell 
is a simple latch that is either set or reset depending on 
the data that was written to it. 


A PSRAM is a volatile, dynamic memory IC. It uses the 
same memory cell structure as a DRAM. Like a DRAM, 
a PSRAM must be refreshed, but it Incorporates the 
refresh timing and control logic on-chip to simplify and 
minimize external logic. Having the refresh logic circuitry 
on-chip also provides more flexibility to the designer to 
reduce the power consumption of the PSRAM. The bene¬ 
fit of this is discussed later. 

The Pseudo SRAM got its name because it was 
designed to be offered In the same package and have the 
same pinout as an SRAM. A PSRAM, while pin-for-pin 
compatible with an SRAM, would not be a direct drop-in 
replacement because It must be refreshed. 

Schematic diagrams of the memory cell structures for 
the DRAM/PSRAM and SRAM are shown in Figure 1. For 
the SRAM, the cell structure shown is the most commonly 
used by SRAM vendors. There are SRAMs available with 
6-transistor cell structures for ultra-low power applica¬ 
tions, but they will not be discussed in this application 
note. 

Pinout diagrams for the 4M bit versions of the PSRAM, 
SRAM, and DRAM are shown in Figure 2. 


I 

DRAM CELL 
PSRAM CELL 
1 - Transistor 
1 - Capacitor 



SRAM CELL 
4 - Transistors 
2 - Resistors 
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Figure 1. Memory Cell Structures for 
DRAM/PSRAM and SRAM 
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Figure 2. Pin Connections for PSRAM, SRAM and 
DRAM Packages 


ADVANTAGES AND DISADVANTAGES 

The major considerations when deciding which mem¬ 
ory IC to use In your design are as follows: 

1) Cost 

2) Density and speed 

3) Design ease 

4) Power consumption 

1) Cost 

The PSRAM carries a small-cost premium over DRAM 
because of its added circuitry. The premium has been 
1.2x to 1 Ax, but it Is expected to decrease as the volume 
usage of PSRAMs increases. 

The DRAM has traditionally been the high-volume 
memory of choice based on its low cost per bit, high 
density, and small package. It Is ideal for large systems 
that use many Megabytes of memory. 

The SRAM is the most expensive of the three tech¬ 
nologies. The memory cell area of an SRAM Is much 
greater than that of the DRAM/PSRAM, resulting In a 
much larger die size. On a cost-per-bit basis, an SRAM 
is typically 3x to 4x that of a DRAM. The differences in 
cell complexity can be seen in Figure 1. 

2) Density and Speed 

Design engineers selecting the density of their memory 
ICs must consider what is currently available on the 
market versus next generation devices. The PSRAM 
utilizes a DRAM for Its base design, so it tends to lag 
behind the DRAM design Introduction by a year or more. 
Since the DRAM, with its small cell size, is easier to 
manufacture than an SRAM of the same density, DRAMs 
and PSRAMs lead SRAMs to market by at least one 
generation. Today, leading DRAM vendors are just start¬ 
ing small volume production of 16M bit DRAMs while the 
4M bit PSRAM is readily available on the market. Leading 
SRAM manufacturers are just starting to sample 4M bit 
SRAMs. New DRAMs have historically gone to market 
with a very high Initial cost. The PSRAM tends to go to 
market with a cost comparable to Its corresponding 
DRAM, which has come down the cost curve, making it 
attractive for new designs. Compared to an SRAM then, 
the PSRAM will be one generation ahead in density, and 
very cost competitive from its Introduction. 

PSRAMs (and DRAMs) compete against SRAMs in 
what would be considered the slow-speed classification. 
The 4M bit PSRAM Is offered with access times ranging 
from 60 ns to 80 ns and cycle times from 110 ns to 130 ns, 
respectively. Slow 1M bit SRAMs are available with ac¬ 
cess times of 70 ns or 100 ns. For an SRAM, the access 
time and cycle time are the same simplifying system 
timing requirements. DRAMs have speeds comparable 
to or slightly faster than PSRAMs. Fast SRAMs, with sub 
45 ns access times, fulfill a speed requirement for high- 
end systems that DRAMs and PSRAMs cannot fill. There- 
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fore, PSRAMs and DRAMs do not compete against fast 
SRAMs. 

3) Design Ease 

A DRAM is the most complex device to design with 
because of its multiplexed addressing and refresh cir¬ 
cuitry requirements. The address provided by the micro¬ 
processor while it is accessing memory does not 
multiplex the address. Therefore, decode logic is required 
between the DRAM and microprocessor to perform the 
multiplexing function. No such logic is required for 
PSRAMs or SRAMs. 

The refresh specification for the DRAM and PS RAM 
defines the maximum time allowed between refreshes. 
This means that both the DRAM and PSRAM require a 
timer circuit to monitor the refresh time, and also control 
logic to provide the refresh clocking. Both the DRAM and 
PSRAM have internal counters that can be used to 
provi de the refres h address. On DRAMs, it is called a 
CAS before RAS refresh. On PSRAMs, it is called Auto 
refresh. In either case, external refresh clocking is re¬ 
quired. An example of the refresh timing Is shown in 
Figure 3. This timing represents the refresh of one row 
Internal to the memory. The 4M bit PSRAM requires that 
2048 rows be refreshed every 32 ms. 

One large advantage that a PSRAM has over a DRAM 
Is a Self Refresh mode. The PSRAM can be put Into Self 
Refresh mode In which an Internal clock provides the 
refresh timing, and no external timing Is required. It is very 
useful during standby mode when memory is not being 
accessed. The timing for Self Refresh looks the same as 
that for Auto Refresh except that the OE/RFSH pin must 
be held LOW for longer than 8 ps. After 8 ps, the internal 
Self refresh clock begins to automatically refresh the 
memory array. It will continue to refresh the array as long 
as OE/RFSH is held LOW with CE held HIGH. 


The standard through hole package for the 4M bit 
PSRAM (and SRAM) Is a 32-pin, 600-mll PDIP. For the 
4M bit DRAM (1M x 4), it is a 20-pin, 300-mil DIP. The 
DRAM package is the smaller package, which Is pre¬ 
ferred because it helps reduce board size. One reason 
that it has a smaller package is that the DRAM has fewer 
outputs than the others. The DRAM is organized as 1M 
X 4 while the PSRAM and SRAM are organized as 512K 
X 8. The wide width of the PSRAM and SRAM Is advan¬ 
tageous for small memory systems. For example, as¬ 
sume that a system required no more than 512Kb of 
density. If this system used one of the common micro¬ 
processors on the market that has a 32-blt data bus, then 
you would need four 512K x 8 memories to meet the 
required data width. The same system would need eight 
1M X 4 DRAMs to meet the same 32-bit width. Recently, 
some DRAM vendors announced plans to offer devices 
with x8 configurations, targeting small and medium size 
systems. 

A second reason for the smaller package is that the 
DRAM has almost half the number of addresses as the 
PSRAM or SRAM. This is because it uses multiplexed 
addressing. Multiplexing allows you to clock In two differ¬ 
ent 10-bit addresses on the same address pins to achieve 
the 20 address bits required to select one of the 1M 
different memory locations. On the PSRAM and SRAM, 
you must provide ail of the required 19 address bits at the 
same time to select one of the 512K memory locations. 

4) Power Consumption 

There is not a significant difference in operating power 
consumption for a PSRAM, SRAM, and DRAM. The 
operating power is composed primarily of switching cur¬ 
rents from the CMOS peripheral circuits surrounding the 
memory arrays, and those circuits are reasonably similar 
for all three memories. Differentiation is seen in standby 
power. The term standby means that no Reads or Writes 


CE 



OE/RFSH 




NOTES: _ _ 

1. PSRA M auto refres h (cy cle RF SH pi n while CE inactive HIGH ). 

2. DRAM CAS before RAS (cycle CAS active LOW before RAS). 
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Figure 3. Refresh Timing 
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are taking place. A sample of standby current (Isb) speci¬ 
fications is given below. Note that a DRAM must have its 
supply voltage maintained within the operating range (4.5 
V ~ 5.5 V) during standby, but with SRAMs and 4M bit 
PSRAMs the supply voltage can be dropped to a data 
retention voltage (typically 3 V) during standby, signifi¬ 
cantly reducing power consumption. 



4M Bit 
PSRAM 

4M Bit 
DRAM 

1MBit 

SRAM 

IsB max @ 

Vcc = 5 V 

100pA 

1 mA 

100 |iA 

Isb max @ 

Vcc = 3V 

50 pA 

- 

50|iA 


The standby current given for the PSRAM at Vcc = 3 
V is actually a self refresh current, so it includes the 
additional current required to perform the internal refresh. 
The standby current given for the DRAM does not include 
refresh current. The typical standby current seen with an 
SRAM is actually much lower than that for a PSRAM, 
making SRAMs the best choice for low standby power 
consumption. 

Low-standby power consumption is a critical parame¬ 
ter for battery operated systems such as Notebook com¬ 
puters. A decrease in power consumption directly 
translates to an increase in battery life. PSRAMs have 
proven to be an Ideal choice for main memory In the 
Notebooks where low-power consumption is required at 
a reasonable cost. 


For systems requiring a small amount of memory to be 
battery backed up (usually a small 3 V lithium battery), an 
SRAM is still the memory of choice, due to its low Isb and 
static operation. 

SUMMARY 

Pseudo-Static RAMs have advantages and disadvan¬ 
tages when compared to either SRAMs or DRAMs. The 
market has shown that the PSRAM can win designs 
against either, depending on the application. A summary 
of the advantages and disadvantages is given below. 


ADVANTAGE 

— 

DISADVANTAGE 

Versus SRAM 

Much lower cost 

More complex design 

Higher density 

Higher standby power 

Versus DRAM 

Lower standby power 

Higher cost 

Ease of design 

Larger Package 


Lag in time-to-market 
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PARITY CHECKING IN THE LH5420 BIFIFO 

Bob Laird, Field Applications Engineer 


INTRODUCTION 

Sharp’s LH5420 256 x36x 2 bidirectional FIFO 
(BiFlFO) was the first monolithic FIFO from the semicon¬ 
ductor industry to offer customers a full 36-bit data word- 
width. 

The LH5420’s 36-bit wordwidth makes it the ideal 
choice for those 32-bit or 64-bit systems which use parity. 
It remains an ideal choice, even for those wide-word 
systems that don’t use parity, because there are no 
available 32-bit FIFOs, and b^ause systems frequently 
use an extra bit per byte for some type of ‘tag’ Information 
anyway. 

WHAT IS PARITY? 

Many systems need to have error detection and cor¬ 
rection (EDAC) implemented Into the design, but cannot 
afford the added overhead - memory requirements 
Increase dramatically. The most common compromise is 
to use just error detection. 

By adding a single bit to each byte of data, the occur¬ 
rence of single-bit errors may be monitored. This extra bit 
is referred to as the parity bit. 

Parity is not a perfect means of detecting errors; but it 
is easy to Implement. In fact, many off-the-shelf memory, 
microprocessor, and general-purpose-logic integrated 
circuits make provision for parity bits. 

A system using parity requires a parity-generation 
circuit. The purpose of a parity-generation circuit is to 
examine each data byte, and set that byte’s parity bit 
based on the number of ones (logic ‘HIGH’ levels) in the 
eight data bits. 

Either ‘odd parity’ or ‘even parity’ may be chosen. 
These are defined as follows: 

Odd Parity. The parity bit Is set to one if there is an 
even number of ones; otherwise, it is cleared (not set). 
Thus, the total number of ones, including the parity bit, is 
odd. 

Even Parity. The parity bit is set to one if there Is an 
odd number of ones; otherwise. It is cleared (not set). 
Thus, the total number of ones, including the parity bit, is 
even. 


In either case, a single-bit error in any bit position 
within a data byte. Including an error in the parity bit itself, 
causes a parity-error indication. 

The type of parity chosen may be dictated by the 
system design. However, neither type of parity offers any 
major economic or performance advantage over the other 
one. Some designers prefer odd parity, on the grounds 
that the correct parity bit is a one for an all-zero byte. 
Thus, a completely-biank byte (which presumably arose 
from some type of data-recording failure) shows up as 
having a parity error. 

In any case, it is a good idea to maintain the same type 
of parity throughout the entire system. 

LH5420 PARITY CHECKING 

The LH5420 offers parity checking, which means that 
it examines each data byte to determine what Its parity is, 
thereby computing an internal parity bit for that byte. This 
parity bit then is compared with the Parity Mode bit in the 
LH5420’s Control Register. If they do not match, then 
there is the presumption of a parity error in that byte. 

Since an LH5420 word is 36 bits wide, parity checking 
Is done In parallel on the four bytes that make up a 36-bit 
word. If an error is detected in ANY of these four bytes, 
the parity flag is asserted LOW, indicating the parity error. 

Figures 1 and 2 show the parity-flag logic for Port A. 
The ten-bit parity trees for the other three bytes are 
configured Identically with the one shown in Figure 1, 
which is for the low-order byte. Also, the parity-flag logic 
for Port B Is configured identically with that for Port A. 

Since there Is parity-flag circuitry associated with both 
LH5420 ports, data words may be checked both entering 
and exiting the BIFIFO. The parity-tree inputs are con¬ 
nected to the actual port Input/output pads, through iso¬ 
lation transistors. Data words are monitored as they 
change on the system bus, which connects to the pads 
at that port. 

It should be noted that the parity-flag circuitry at an 
LH5420 port is /70f controlled by the Output Enable (OE) 
control signal at that port. Hence, parity checking always 
is active, regardless of whether or not the BIFIFO Itself Is 
driving the system bus. Therefore, as data constantly 
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changes on the bus, the parity flag may keep on changing 
states also. Some transitions on the data lines may make 
it appear that a parity error has occurred. 

According to the LH5420 data sheet specification, the 
parity flag at a port is not guaranteed to be valid, until 
some given delay time after stable data is present at the 
input/output pads. For the LH5420P-25, for instance, this 
delay time Is a maximum of 17 ns. Thus, to monitor the 
parity of data entering the LH5420, the sum of the data 
setup time and the data hold time must be sufficient to 
satisfy this 17 ns delay time. 

Also, when monitoring the parity of data words being 
read from the LH5420, it is necessary to keep OE as¬ 
serted long enough to satisfy this parity-flag delay time. If 
the LH5420 is being operated at the minimum cycle time 
of 25 ns, then OE would have to remain asserted 6 ns into 
the next cycle. In most designs, this requirement does not 
present a problem. 

As it is, an LH5420 cannot perform a read operation 
and a write operation on consecutive cycles, when oper¬ 
ating at the minimum cycle time. The reason is that the 
sum of the data-access time (for outbound data words) 
and the data-setup time (for inbound data words) already 
exceeds the minimum cycle time, for all three LH5420 
speed grades. 

The LH5420 Control Register Parity Mode bit is initial¬ 
ized for odd parity during a reset operation. However, it 
may be reprogrammed for even parity, and then back to 
odd parity, at will during system operation. Programming 
is performed by loading a full 36-bit word into the Control 
Register from Port A, with the code HLL at the LH5420’s 
Address (resource-register-selection) inputs A 2 A-Aoa. 
The least-significant bit of that 36-blt word, Doa, selects 
the Parity Mode: HIGH for odd, and LOW for even. The 
Control Register is written into at the next rising edge of 
CKa. 

Note that the Control Register Is a ‘blind’ or write-only 
register. The system cannot read It back. 

The normal convention for parity-bit position Is to use 
the most-significant bit of each byte; that is, Dsa, Di7A, 
D26A, D35A, Dsb, Di7B, D26B, and D35B. Now, the LH5420 
is designed in such a way that any bit position within a 
data byte may be used as the parity bit. However, when 
programming the Almost-Full Flags and the Almost- 
Empty Flags, the offset values are written into the re¬ 
source register using data pins D0A-D7A, D9A-D16A, 
D18A-D25A, and D27A-D34A. Thus, there Is a presumption 
that the least-significant eight bits of a byte are the data 
bits.’ 


So, for systems using byte parity with the most-signifi¬ 
cant bit as the parity bit, which use the programmable-flag 
feature, the fields line up as they should. Otherwise, 
special consideration must be given when using the parity 
bit as a data bit for programming. 

Figure 1 is a simple schematic for the ten-bit parity¬ 
checking logic circuit for one byte, in this case the least- 
significant byte at Port A. The tenth bit Is the Control 
Register Parity Mode bit. Since this bit is HIGH for odd 
parity and LOW for even parity, the output of the ten-bit 
parity checker Is LOW whenever the parity of the data 
byte being examined agrees with the LH5420’s Parity 
Mode bit. 

The parity-circuit outputs for the four bytes of Port A, 
designated in Figure 1 as PCqa-PCsa, are NORed to¬ 
gether to compute the parity flag PFa. Similar logic Is used 
at Port B, to compute PFb. 

Note that the PFa and PFb NOR gates do not incorpo¬ 
rate latches. The states of these two outputs depend 
directly on the data words present at Port A and at Port B 
respectively. 

USING PARITY CHECKING TOGETHER 
WITH WORDWIDTH SELECTION 

Another useful feature offered by the LH5420 BIFlFO 
is wordwidth selection, also known as funneiing/defunnei- 
ing, at Port B. Port A always assumes a wordwidth of 36 
bits. But Port B may assume a 36-bit, 18-bit, or 9-bit 
wordwidth, according to the setting of two LH5420 control 
input signals, WSo and WSi. In the latter two cases, there 
is an effect on parity checking at Port B. 

For example, assume that Port B has been set for 9-bit 
wordwidth. As a byte is being written into Dqb-Dsb, the 
lowest-order Port B byte, the Port B parity checker is 
monitoring not only this byte, but also the three unused 
bytes D9B-D35B. If any of those three bytes has improper 
parity, according to the current Parity Mode setting, then 
PFb is asserted LOW to indicate a parity error. 

If the Port B 9-bit-wordwidth setting never changes 
during system operation, then It may be advantageous to 
tie pins D9B-D35B all HIGH for odd parity, or ail LOW for 
even parity. Similar statements apply for pins D18B-D35B, 
given the use of 18-bit wordwidth at Port B. 
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Parity Checking in the LH5420 BiFlFO 


LH5420 



Figure 1. Example of Byte-Parity Gate: 
Port A, Low Order Byte 
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Figure 2. Example of Parity-Flag Logic: Port A 


When outputting a byte from Port B with 9-bit word- 
width in effect, the LH5420 actually conveys a full 36-bit 
word to the output buffers; although, presumably, the 
other devices on the output bus are examining only 
Dob-Dsb. Presenting the remaining bytes to the output 
bus is accomplished by circular-shifting operations, which 
are inherently available in the Port B output logic. The 
second byte of the word is read by shifting D9B-D17B down 
to Dob-Dsb. Concurrently, D27B-D35B are shifted down to 
D18B-D26B, D18B-D26B are shifted down to D9B-D17B, and 
Dob-Dsb are shifted circularly to D27B-D35B. 

This circular-shifting procedure is repeated twice 
more, for the remaining two bytes of that data word. After 
that, another full 36-bit data word is again fetched, to 
output the next byte. Assuming that the fetched data bytes 
all have correct parity, then PFb continues to indicate 
correct parity, after each successive circular shift of the 
data word. 


SUMMARY 

Sharp’s LH5420 256 x 36 x 2 BiFlFO features two 
built-in parity checkers, one connected to each 36-bit data 
bus. The parity of each 9-bit data byte may be checked 
twice as it passes through an LH5420: once as it enters, 
and once as it leaves. 

An LH5420 parity checker may be used to examine a 
data word which is present on either of the LH5420’s two 
36-bit data buses, even if that word never actually gets 
read into one of the LH5420’s internal FIFO memories. 

The LH5420 may be programmed to consider either 
odd parity or even parity as correct. A parity error in any 
byte, of a data word passing through an LH5420 port, is 
signaled by asserting the LH5420’s parity flag at that port 
LOW, as long as that data word remains present there. 

Proper use of this port parity flag can detect any 
single-bit error in any data byte passing through an 
LH5420, assuming that the parity flag gets read at the 
appropriate time. No additional hardware is required. 
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INTRODUCTION 

A FIFO (First-In, First-Out memory device) can. be 
thought of as a ‘passthrough window’ between two inde- 
pendently-clockeddigital subsystems-each marching to 
its own drummer, as it were. To adequately perform this 
role In practical digital systems, FIFOs are ‘schizoid’: they 
are memory devices, and they also are logic-synchroni¬ 
zation circuits. 

Increasingly, newer FIFOs have been made capable 
of recognizing commands from the overall digital system 
of which they are part, and also of providing that system 
with timely status information in the form of ‘flag’ values. 

A FIFO can undergo a change in Its status because of 
an event synchronized either to the subsystem at its input 
end, or to the subsystem at its output end. These two 
subsystems usually are independently clocked; and 
either of the two clock signals can affect a flag value. The 
external logic normally uses one or the other of these 
clock signals to synchronize reading the flag, which leads 
directly to a potential metastability hazard. The very new¬ 
est FIFOs incorporate internal logic to minimize any 
practical metastablllty hazard; but, even then, their speci¬ 
fications have to include ‘skew parameters,’ which must 
be complied with by the external logic. 

This paper includes a short review of FIFO basics, 
followed by a more detailed discussion of flag-synchroni¬ 
zation and metastability issues. Finally, the flag-synchro¬ 
nization features of the new Sharp LH540215/25 18-blt 
synchronous FIFOs are described, as a case in point. 

WHAT IS IT THAT FIFOs DO, IN THE FIRST PLACE? 

Conceptually, using a FIFO as a ‘passthrough window’ 
accomplishes two related but different system functions: 
• Providing ‘rubber-band memory* between Subsystem 

A and Subsystem B. 


• Decoupling the clocking of each subsystem from that 

of the other subsystem. 

As long as each subsystem deals with the other sub¬ 
system through a FIFO, the two subsystems don’t have 
to be synchronized or coordinated with each other In any 
way, at least for the purpose of passing a data stream 
from one to the other. This Is a powerful simplifying 
assumption In digital-system design and integration. 
FIFOs often are used to save design effort and leadtime, 
and to reduce the complexity of timing logic, when inter¬ 
facing two independent subsystems together. 

Subsystem A, functionally upstream, stuffs data into a 
FIFO at whatever rate Subsystem A likes best; and Sub¬ 
system B, functionally downstream, unloads the data 
from the FIFO at whatever rate Subsystem B likes best. 
These rates may be derived from oscillator-driven clock 
circuits; or, they may not even be constant, if the ‘clock’ 
actually Is an aperiodic ‘demand’ signal. 

To cope with the requirements of this usage, a FIFO 
must include an input registerwhlch can be synchronized 
or ‘clocked’ by Subsystem A, and an ouput registeryNhlch 
can be synchronized or ‘clocked’ by Subsystem B. In 
between, there needs to be the ‘rubber-band memory.’ 
(Also known as ‘elastic storage,’ if you prefer more for¬ 
mal-type technobabble.) This rubber-band memory 
should appear both to Subsystem A and to Subsystem B 
as having unlimited depth; that Is, as containing enough 
words that neither subsystem ever bumps up against 
finite FIFO-memory capacity as a bothersome constraint. 
If you’ve designed with FIFOs previously, then maybe you 
knew all that. 

Historically, FIFOs have been perceived by system- 
design engineers as premium semiconductor parts which 
Make Problems Go Away. That is, FIFOs are supposed 
to be liberating. It follows, of course, that these same 
customers can become severely annoyed with FIFOs, if 
they ever begin to feel that using FIFOs gets them entan- 


* This paper was prepared for, and presented at, Northcon /93 and Wescon/ 93 . It appeared in the Northcon/93 Conference Record; Session 12 , 
paper 3 . It also appeared in ttie Wescon/93 Conference Record; Session 26 , paper 3 . 
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gled in lots of timing hassles. But, sometimes, they fail to 
distinguish between those timing issues which arise from 
the use of a particular part, and those timing issues which 
arise intrinsically from the characteristics of their applica¬ 
tion. 

REAL-WORLD MATHEMATICAL ISSUES 
WHEN USING FIFOs 

The term ‘FIFO’ comes from operations research, a 
branch of mathematics. It stands for a queue discipline, 
that of ‘First In, First Out.’ The term FIFO also turns up in 
cost-accounting methodology, for reckoning the cost of 
items being withdrawn from an inventory after having 
been bought at varying prices. 

The operations-research ‘single-server’ model fits FI¬ 
FOs being used to buffer ‘randomly-arriving’ data, as well 
as fitting the classic example of hamburger stands serving 
‘randomly-arriving’ customers. In this model, the arrival of 
a piece of data at the FIFO’s input end (‘a customer’) and 
the unloading of a piece of data from the output end of the 
FIFO (‘serving a customer’) are random events. In be¬ 
tween the input end and the output end, there is a queue 
of customers waiting to be served - here, words being 
temporarily stored within the FIFO’s internal memory 
array. If you like mathematical lingo, the entire scene Is a 
‘stochastic process,’ meaning that the events which are 
occurring are ‘probabilistic’ and not ‘determinate.’ 

Why is this operations research model of interest? In 
the ‘single-server’ model, the queue length is a ‘random 
walk,’ and - if it is given enough time to fluctuate - is 
unbounded, meaning that no FIFO used to queue up truly 
random data can ever be quite big enough, if It has to 
operate for an infinitely-long time. Thus, this operations- 
research model in principle contradicts the common- 
sense notion that there Is some ‘large-enough’ size for 
every FIFO application. 

So, It’s not just that semiconductor manufacturers 
don’t choose to develop FIFOs having deep-enough in¬ 
ternal memory-array capacities. If s that there isn’t any 
finite depth which can provide theoretically-abso/ute pro¬ 
tection, in the truly-random case. 

DESIGN STRATEGIES USING FIFOs 

But, in practical systems, there always is a ‘large- 
enough’ FIFO size. The probability of any queue length 
growing past a certain value, before the next ice age, 
usually can be made very small without making the 
FIFO’s queue-length capacity uneconomically large. 

If a catastrophic increase In queue length starts to occur, 
often because of some sudden-onset system problem, the 
designer’s line of defense is the FIFO’s ‘fullness flags.’ If the 
system Is monitoring these, they can provide an adequate 


early warning of impending trouble, so that the system 
can take timely and effective countermeasures. 

The key point here is that finite-depth FIFOs - and the 
semiconductor industry hasn’t built any other kind of 
FIFOs yet! - must, for basic mathematical reasons. Incor¬ 
porate some kind of bulletproof logic for dealing with ‘full’ 
and ‘empty’ queue conditions. 

Of course, there are also ‘block-oriented’ FIFO appli¬ 
cations, In which Subsystem A dumps another block of 
data into the FIFO only when the FIFO Is less than half 
full, and the FIFO size has been chosen a priori to be large 
enough to hold /wo blocks of data. Here, Subsystem A is 
doing some of the ‘elastic’ adaptation to fluctuations In the 
data rate, and is no longer depending upon the down¬ 
stream FIFO to do all of that adaptation. Consequently, 
not all of the pessimistic assumptions of the ‘single-server’ 
model still have to be satisfied. But limiting the queue 
length in this manner can exact a price. In some other 
system-level performance characteristic. 

Prudent digital-system designers usually try to avoid 
ever allowing their FIFOs to get e/f/rer completely ‘full’ or 
completely ‘empty* during normal system operation. Fol¬ 
lowing this rule means that many fascinating ‘gotchas,’ 
which in principle can raise their ugly heads at these 
boundary conditions, never get to disturb the serenity of 
the system’s operation, or of the system designer’s work¬ 
ing day. However, the Product Engineering and Test 
Engineering staffs of semiconductor manufacturers often 
must spend major time and effort dealing with these 
boundary-condition ‘gotchas.’ 

FIFO ‘FULLNESS’ STATUS FLAGS 

Contemporary FIFOs commonly provide several 
status flags, to inform the system logic external to the 
FIFO as to the FIFO-memory array’s relative state of 
fullness or emptiness. Often, there are five such flags: 
‘Full,’ ‘Almost Full,’ ‘Half Full,’ ‘Almost Empty,’ and ‘Empty.’ 
These ‘Almosf flags originated some years ago, as a 
semiconductor-piece-part adaptation of the ‘Yellow Warn¬ 
ing’ interrupt-flag scheme used in DEC’S PDP-11 family 
of minicomputers. 

Sometimes, when there aren’t quite enough pins to 
provide every FIFO feature desired by the semiconductor 
manufacturer and Its customers, the ‘Almost-Full Flag’ 
signal and the ‘Almost-Empty Flag’ signal are combined 
as an ‘inclusive-ORed’ ‘Almost Full/Empty Flag’ signal on 
one pin. The external logic can distinguish these condi¬ 
tions one from another by examining the ‘Half-Full Flag,’ 
on the assumption that a FIFO which is ‘almost full’ can 
be presumed to be more than ‘half full,’ and likewise that 
a FIFO which Is ‘almost empty’ can be presumed to be 
less than ‘half full.’ 
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This last assumption sounds obvious to the point of 
silliness. Still, it needs to be rechecked \Nhen designing 
with FIFOs which feature ‘programmable’ ‘Almost-Full 
Flag’ and ‘Almost-Empty Flag’ signals, whenever large 
‘offset* values are being ‘programmed’ into the ‘offset- 
value registers’ which are associated with each of these 
two flags. These ‘offset’ values define the ‘almost-fuH’ 
condition as some exact number of words away from ‘full,’ 
and the ‘almost-empty’ condition as some exact number 
of words away from ‘empty.’ Obviously, the rules are going 
to change, if ever one or both of these offset values 
exceeds half of the number of words in the FIFO-memory 
array. 

THE FLAG-SYNCHRONIZATION DILEMMA 

Back to Subsystem A, which is being synchronized by 
Clock A, and Subsystem B, which is being synchronized 
by Clock B. Subsystem Ais ‘synchronously’dumping data 
destined for Subsystem B into a FIFO, which is there to 
make everything come out OK so that Subsystem B can 
‘synchronously’ read these same data back out. 

Whenever Subsystem A stuffs in one more word, the 
FIFO can suddenly become ‘full,’ ‘almost full,’ or ‘half full’; 
or it can suddenly cease to be ‘almost empty’ or ‘empty.’ 
Similarly, Subsystem B unloading one word can cause 
the FIFO now suddenly to become ‘almost empty’ or 
‘empty,’ or now suddenly to cease to be lull,’ ‘almost full,’ 
or ‘half full.’ Thus, each flag signal can be affected for one 
transition by a ‘write event,’ and can be affected for the 
other transition by a ‘read event.’ Therefore, 

Events which can cause the state of any fullness flag’ to change 
can occur at either end of the FIFO. 

So, each of the five flags can change state either In 
synchronism with Clock A, or else with Clock B. So all 
five flags are ‘synchronized to both clocks,’ which is the 
same as saying that they aren’t really synchronized to 
either clock - that Is, that they are asynchronous. These 
statements, of course, apply strictly to the /nfema/values 
of the five flags, as these values are computed by the 
FIFO’s control circuits. 

Incidentally, if this operational description seems to be 
stacked lopsidedly in favor of fullness, it’s because the 
‘Half-Full Flag’ customarily is called just that, rather than 
being called the ‘Half-Empty Flag.’ Probably, the term 
‘Half-Empty Flag’ just sounded too negativistic for the 
tastes of positive-thinking FIFO marketeers! Anyway, the 
logic which controls the ‘Half-Full Flag’ behaves exactly 
in accordance with what one would expect from that 
name. 


Now, in a ‘synchronous’ FIFO having ‘enable’ inputs as 
well as ‘clock’ inputs for both writing and reading, a ‘write 
event’ is synchronized to the ‘write clock’ input, and is 
made to occur by asserting the ‘write enable’ input. Like¬ 
wise, a ‘read event* is synchronized to the ‘read clock’ 
input, and is made to occur by asserting the ‘read enable’ 
input. 

In principle, the ‘write clock’ and the ‘read clock’ both 
may be free-running periodic waveforms derived from 
crystal-oscillator frequency sources. However, most con¬ 
temporary FIFOs avoid the use of any internal circuit 
techniques which would require that these ‘clock’ signals 
must be periodic. 

So, now, what happens when either Subsystem A or 
Subsystem B wants to read the value of one of these 
flags? If Subsystem A and Subsystem B are connected 
by a ‘synchronous’ FIFO, then the logic outside the FIFO 
which Is trying to read the FIFO’s flag(s) very likely also 
is synchronized, probably either to the ‘write clock’ (here. 
Clock A) or to the ‘read clock’ (here, Clock B). Which is 
fine, as long as the flag value is stable, or as long as the 
most recent event which is capable of affecting this flag 
value was synchronized to the same ‘clock’ signal to 
which flag read/ng also Is being synchronized. 

But what, then, if the most recent event which has 
affected this flag value was synchronized to the other 
‘clock* signal? Then, we have a signal getting changed in 
synchronism with one ‘clock’ signal, but being read in 
synchronism with a second, different'c\ocW signal which 
is not necessarily in any way synchronized or coordinated 
with the first ‘clock’ signal. Thus, the FIFO’s flag output Is 
most unlikely always to be meeting the setup-time and 
hold-time specifications for the downstream semiconduc¬ 
tor-device input which it is driving. 

METASTABILITY 

This latter situation is, of course, the recipe for Instant 
metastability. Metastability is a digital-system form of ‘bad 
vibes.’ It arises as the result of trying to read a digital signal 
while that signal is changing. 

A potential ‘metastability hazard’ exists whenever the 
signal being read isn’t a stable HIGH or a stable LOW, as 
of the exact Instant when the clock-signal transition edge 
comes along to synchronize the reading process. If there 
are many ongoing attempts to read the signal, and the 
timing of the signal is unrelated to that of the clock signal, 
then what we have here is another example of a ‘stochas¬ 
tic process.’ And, eventually, there is bound to be an 
attempt to read the signal at exactly the wrong time. 
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When attempting to read such an unstable signal, 
three different outcomes are possible: 

• The signal can be read as a HIGH. 

• The signal can be read as a LOW. 

• The reading circuit element itself can just get confused 
and ‘hang up’ in a ‘metastable’ state, outputting a signal 
close to its own input ‘trip poinf or ‘transition threshold’ 
for a while, before settling back either into a stable 
HIGH condition or else Into a stable LOW condition. 
This ‘metastable’ state can, in some circuit technolo¬ 
gies, last for as long as several additional clock periods. 
Now, the probability of ‘going metastable’ remains very 
small as long as the reading circuit isn’t being operated 
at a frequency really close to Its maximum; but it in¬ 
creases, quite dramatically, as this maximum Is 
approached. The potentlally-ruinous Impacts on system 
reliability are ail too obvious. 

Notice that we got into this metastability Issue as a 
direct consequence of the burden which FIFOs are ex¬ 
pected to take on in systems, of Making Synchronization 
Problems Go Away. Ultimately, metastability is not intrin¬ 
sically just a circuit-design problem; It arises mathemati- 
cally as an operations-research problem, when 
deterministic digital circuits are used - whether wittingly 
or not! - to try to deal with ‘stochastic processes.’ 

RESYNCHRONIZING FLAG SIGNALS 

FIFO customers, like customers for any other prod¬ 
ucts, develop new Wants over time, as suppliers learn to 
satisfy their previous Wants. So customers now Want to 
be able to perform flag-reading operations from which¬ 
ever en6 of the FIFO they wish, for any of the five usual 
lullness flags,’ without having to spend time and circuit- 
board real estate protecting themselves against metasta¬ 
bility hazards. 

FIFO manufacturers first began to address this cus¬ 
tomer Want by attempting to handle the potential metas¬ 
tability problems internally within the FIFO, but for just two 
out of the five flags - the ‘Full Flag,’ and the ‘Empty Flag.’ 
The approach was to resynchronize each of these two 
flag signals, for tx)thof its possible state transitions, to the 
clock signal for that end of the FIFO where there usually 
is the greatest interest in reading that flag: the ‘Full Flag’ 
to the ‘write clock,’ and the ‘Empty Flag’ to the ‘read clock.’ 

The premise for these choices was, of course, that it’s 
essential for Subsystem A to know if a FIFO which it’s 
trying to write into is ‘Full’; if it is, then the write operation 
can’t be completed. But there’s no similarly-urgent reason 
why Subsystem A needs to know If the FIFO which It’s 
trying to write into Is ‘Empty.’ Analogous reasoning also 


applies at the other end of the FIFO, where words are 
being read out. 

USING PROGRAMMABLE FLAGS TO DO 
END-OF-BLOCK DETECTION 

Certainly, this resynchronization of the external values 
for the ‘Full Flag’ and the ‘Empty Flag’ was a step in the 
right direction. It costs some on-chip resynchronizing 
fllpflops; but it provides system designers with an easier- 
to-use FIFO part. But it didn’t go quite far enough, since 
customers also turned out to be intensely concerned 
about getting absolutely dead-on-accurate readings from 
the ‘Almost-Full Flag’ and from the ‘Almost-Empty Flag’ - 
not just readings accurate to within a word or two. 

A puzzling attitude, if one assumes that these latter 
flags are being used only as warnings to the system that 
it needs to do something soon, before the FIFO becomes 
either completely full or else completely empty as the 
case may be. But, as often happens, customers found a 
major use for the ‘Almost-Full Flag’ feature and the ‘Al¬ 
most Empty Flag’ feature which was utterly different from 
the type of use planned for by the semiconductor manu¬ 
facturers. In this case, the unanticipated major usage was 
as cheap block-length counters. 

The semiconductor industry originally opened the door 
to this block-length-counter trick, while trying simultane¬ 
ously to satisfy all of the different customers who could 
not agree on just what ‘almost full’ and ‘almost empty’ 
ought to mean - that is, how many words away from ‘full’ 
should be defined to mean ‘almost full,’ and how many 
words away from ‘empt/ should be defined to mean 
‘almost empty.’ 

The industry’s response was to say, In effect, "Hey, you 
guys decide," by including programmable registers wWhm 
FI FOs to hold ‘offset values’ which could be loaded during 
the operation of a system. These ‘offset values’ allowed 
the system to specify the ‘how-many-words-away’ 
parameters, during operation. 

In older-architecture FIFOs which date back to when 
‘almosf flags first were introduced, these ‘offset values’ 
were fixed, ‘wired-ln,’ architectural-design parameters. 
There are even certain newer FIFOs which have wired-in 
offset values, generally because they come in small 
packages without any extra pins to spare which could be 
used for controlling the necessary programmable regis¬ 
ters, if their offset values were to be specifiable. Eight has 
been one very common wired-in offset value. 

However, the very newest FIFOs generally have archi¬ 
tectural provisions for reading in these ‘offset values’ from 
the external logic. If the external logic never gets around 
to imposing its own choice of ‘offset values’ on the FIFO, 
the FIFO’s ‘default values’ for these parameters remain 


SHARR 


6-11 





FIFO Memories 


FIFO Flag Timing 


in effect during system operation. Again, eight is a very 
common ‘default value.’ Another frequent choice is one- 
eighth of the FIFO depth. 

As for block-length counting, to make a long story 
short, if the sum of the two ‘offset values’ and the desired 
block length equals the depth of the FIFO, then the 
system can use a state change by one of the ‘almost’ flags 
as an ‘end-of-block’ signal. The details are left as an 
Exercise For The Reader. 

A CONTEMPORARY EXAMPLE OF 
SYNCHRONOUS-FIFO ARCHITECTURE 

Consider now Sharp’s new 18-bits-wide synchronous 
FIFOs, LH540215 (512 x 18) and LH540225 (1024 x18). 
These new x18 FIFOs are pin-compatible drop-in 
replacements for the IDT72215B and IDT72225B x18 
synchronous FIFOs. But they also have some useful 
enhanced features, which go some ways beyond the 
architecture of the original IDT parts. 

Naturally, they offer programmable offset-value regis¬ 
ters f or the Almost-Full Flag (PAF) and the Almost-Empty 
Flag (PAE). The default values for the contents of these 
registers are one-eighth of the FIFO depth, minus one. 

Also, the LH540215/25’s Full Flag (FF) and Empty 
Flag (EF) signals have been made to behave fully ‘syn¬ 
chronously/ as far as the outside world Is concerned. In 
order to avoid metastability problems, these flags have 
been resynchronized, to the clock at that end of the FIFO 
where the external logic is most likely to be trying to read 
them. 

To review the rationale for this resynchronization, Sub- 
system A (the writing/input side) normally won’t need to 
read EF, since writing can occur at any time when the 
FIFO isn’t actually full. Likewise, Subsystem B ^e read¬ 
ing/output side) normally won’t need to read FF, since 
reading can occur at any time when the FIFO isn’t actually 
empty. Therefore, FF has been resynchronized to change 
only as the result of a rising edge of WCLK (the writing- 
side clock); and EF has been resynchronized to change 
only as the result of a rising edge of RCLK (the reading- 
side clock). 

This flag-signal behavior Is probably optimum, from the 
viewpoint of a digital-system designer trying to make use 
of these FIFOs. However, for the resynchronization cir¬ 
cuits within the FIFO to have time to function properly, it 
has proven necessary to specify two new ‘skew’ timing 
parameters, tsKEwi Wew 25 see Figure 1 and Figure 2. 

tsKEwi is the minimum delay for a rising edge of WCLK 
to occur after a rising edge of RCLK, in order to guarantee 
that the value of FF will be accurate as of this rising edge 
of WCLK, and won’t get delayed until the next rising edge 
of WCLK. Similarly, tsKEW 2 is the minimum delay for a rising 


edge of RCLK to occur after a rising edge of WCLK, in 
order to guarantee that the value of EF will be accurate 
as of this rising edge of RCLK, and will not get delayed 
until the next rising edge of RCLK. 

Impatient digital-system designers sometimes are an¬ 
noyed by having to observe the timing restrictions Implied 
by these ‘skew parameters.’ However, even the fastest 
digital logic can’t respond instantaneously. It appears that 
their objections really are to restrictions which are inher¬ 
ent in what FI FOs must be, if they are to solve the system 
timing problems which they are expected to solve. The 
basic flag-synchronization problem can be moved 
around, and changed in form, in ail sorts of different ways; 
but it can’t ever be totally eliminated. 

Because a FIFO is inherently a pass-through window, 
between two logic subsystems which are synchronized 
differently, at some point there Is always going to be a 
boundary between these two subsystems. And, at this 
boundary, the system designer inevitably is going to have 
to make allowances for some ‘boundary effects.’ 

THE ‘MIDDLE’ FLAG SIGNALS 

In the IDT x18 FIFOs, the three ‘middle’ flags - the 
‘Programmable Almost-Full Flag’ (PAF), the ‘Half-Full 
Flag’ (FP), and the ‘Programmable Almost-Empty Flag’ 
(PAE) - have been passed straight through to the outside 
world in the exact same form in which, as we have seen, 
the FIFO’s internal logic inevitably must generate them. 
That is, these flags are ‘synchronized to both clocks,’ 
which is to say that they are ‘asynchronous.’ 

But the Sharp x18 replacements for these IDT parts 
go one step further. They incorporate a programmable 
‘Control Register,’ by means of which the system can 
specify ‘synchronous’ behavior for these three ‘middle’ 
fla gs al so. _ 

PAF, like FF, normally gets read at the writing side of 
the FIFO; and so there is a Control-Register bit which can 
be used to program PAF to be resynchronized to WCLK. 
PAE, like EF, normally gets read at the reading side of the 
FIFO; and so the re is a Control-Register bit which can be 
used to program PAE to be resynchronized to RCLK. 

However, a priori, HF is equally likely to be needed at 
either et\6 of the FIFO. Therefore, two Control-Register 
bits have been allocated for HF resynchronization. The 
system can select either WCLK or RCLK as the resyn¬ 
chronizing clock for HF. Or, it can leave HF ‘synchronized 
to both ends of the FIFO’ - i.e., as ‘asynchronous.’ 

These Sharp x18 FIFOs incorporate an ‘Enhanced 
MODE’ control signal (EMODE), which allows the system 
to select between two different sets of Control-Register 
‘defaulf conditions. If EMODE is held HIGH during a reset 
operation, the FIFO is initialized to function exactly like 
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the same-depth IDT x18 FIFO. But, if EMODE is held 
LOW during a reset operation, a selection is made from 
the Sharp x18-FIFO menu of enhanced features; see 
Table 1. Also, the Control Register then becomes acces¬ 
sible for further modification of these selections. 

The pin used for the EMODE control input is a Vcc pin 
In the IDT72215B and IDT72225B x18 FIFOs. So, when¬ 
ever the Sharp LH540215 and LH540225 x18 FI FOs are 
used In pre-existing IDT x18-FIFO sockets, they auto¬ 
matically get ‘strapped’ (pin-programmed) to behave ex¬ 
actly like the IDT FIFOs which they are replacing. 


SUMMARY 

A FIFO’s mission is to serve as a ‘pass-through win¬ 
dow* between two conceptually-Independent subsys¬ 
tems, which should not need to be coordinated or 
synchronized together in any way. To perform this mission 
well, the FIFO must provide ‘rubber-band memory’be¬ 
tween the two subsystems, and also must cfecot/p/e their 
clocking synchronizations one from another. 

In its ‘pass-through window’ role, the FIFO Itself has its 
input side and its output side ‘marching to two different 
drummers.’ The values of the FIFO’s status flags, by 
which the FIFO informs the outside world of its state of 




NOTE: 

1 • ^sKEwi is the minimumjime between a rising RCLK edge and a 
rising WCLK edge for FF to change predictably during the current 
clock cycle. If the time between the rising edge of RCLK and the 
rising edge of WCLK is less than tsKEwi- then it is not guaranteed 
that FF will change state until the next following WCLK edge. 


Figure 1. Synchronous Write Operation 
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relative fullness or emptiness, arise from computations 
which unavoidably are synchronized first to one subsys¬ 
tem, and then to the other. 

These status-flag values must be resynchronized to 
one or the other of the two subsystem clocks. Otherwise, 
the external logic must contend with the hazards of 
metastability, which can give rise to profound system 
processing errors if no countermeasures are taken. 


Two new Sharp x18 synchronous FIFOs, the 
LH540215 (512 x 18) and LH540225 (1024 x 18), offer 
advanced new functionality for controlling status-flag syn¬ 
chronization. For practical purposes, when reading 
status-flag values, fully-synchronous status flags can 
reduce the risk of metastability to negligible levels. 



Figure 2. Synchronous Read Operation 
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Table 1. Control’Register Format for Sharp LH540215^5 x18-Bit FIFOs 


CONTROL 


1 VALUE AFTER RESET 

FLAG 



REGISTER 

CODE 



AFFECTED, 

DESCRIPTION 

NOTES 

BITS 


EMODE = H 

EMODE = L 

IF ANY 




L 




Deassertion ofTo does not 
reset the programmable- 
register write pointer and 
read pointer. 

IDT-compatible addressing 
of programmable registers. 

00 

H 

L 

H 

- 

Deassertion ofTD resets 
the programmable-register 
write pointer and read 
pointer to address Word 0, 
the Programmabie-Aimost- 
Empty-Flag-Offset Register. 
The change takes effect 
after a valid write operation 
or a valid read operation, 
respectively. 

Non-ambiguous 
addressing of 
programmable registers. 

01 

L 

L 

H 


SetbytRCLK, reset by 

Twclk. 

Asynchronous flag 
clocking. 


H 




Set and reset by t RCLK. 

Synchronous flag clocking. 


LL 




Set bytWCLK reset by 
tRCLK. 

Asynchronous flag 
clocking. 

03,02 

LH 

LL 

HH 

Hf 

Set and reset by T RCLK. 

Synchronous flag clocking 
at output port. 


HL, j 
HH 




Set and reset by'tWCLK. 

Synchronous flag clocking 
at input port. 

04 

L 

L 

H 


Set by'tWCLK, reset by 
tRCUC 

Asynchronous flag 
clocking. 


H 




Set and reset by 'tWCLK 

Synchronous flag clocking. 


L 




^E has no effect on an 
internal read operation, 
apart from disabling the 
outputs. 

Allows the read-address 
pointer to advance even 
when Qo-Qirare not 
driving the output bus. 

05 

H 

L 

H 


^E inhibits a read 
operation whenever the 
data outputs 

Qo-Qi 7 srein the high-Z 
state. 

inhibits the read-address 
pointer from advancing 
when Qo - Qir are not 
driving the output bus; 
thus, guards against data 
loss. 


L 





Future use to controi depth 

06 

H 

L 

L 

■ 

Reserved. 

cascading and interlocked 
paralleling. 

07, 08, 
09, 10,11 

LLLLL 

LLLLL 

LLLLL 

- 

Reserved. 

Reserved. 


NOTES: 


1. When EMODE is HIGH, and Control Register bits 00-05 are LOW, the FIFO behaves in a manner functionaily equivaient to the 
IDT72215B/25B FIFO of similar depth and speed grade. Under these conditions, the Controi Register is not visible or accessible to 
the external system which inciudes the FIFO. 

2. If EMODE is not asserted (is HIGH), Control Register bits 00-05 remain LOW after a reset operation. However, if EMODE is asserted (is 
LOW) during a reset op eration, C ontroi Register bits 00-05 are forced HIGH, and remain HIGH until changed. Control Register bits 
06-11 are unaffected by EMODE. 


BOLD ITALIC = Enhanced Operating Mode 
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DIFFERENT STROKES: HOW TO CASCADE AND PARALLEL 
FIFOs OF VARIOUS ARCHITECTURES * 


Chuck Hastings 

Marketing/Applications Manager, FIFO and Specialty Memory 
206/834-8615 


Sharp Microelectronics Technology, Inc. 
5700 N.W. Pacific Rim Blvd. 
Camas, WA 98607 


1. INTRODUCTION 

In the design of digital systems, there’s never quite 
enough memory. It’s as if there’s a memory corollary of 
‘Parkinson’s Lavy/ [1], stating that ‘Information expands to 
fill the memory available.’ 

FIFOs (‘FIrst-ln, First-Out memories’; pronounced ‘fye- 
foes’) are one type of VLSI semiconductor memory de¬ 
vice. Their storage and readout properties are just what 
their name, ‘FIFO,’ Implies. That is, the first data word 
taken in becomes the first data word read out, from the 
opposite end of the same FIFO. Once input, subsequent 
data words also emerge with no change in their sequential 
ordering. 

In recent years, FIFOs have become large enough, 
and cheap enough, to prove their worth in a very wide 
variety of digital systems. 

FIFOs too are notoriously subject to ‘Parkinson’s Law 
of Memory.’ As system designers discover the operational 
advantages of increasing the size of their FIFOs, and as 
new FIFO applications emerge, system needs continually 
arise for larger FIFOs - typically having two to three times 
the capacity of any which currently are available. 

One practical answer Is to use several FIFOs, or even 
many FIFOs, together in a coordinated manner. In order to 
provide FIFO capabilities and behavior with expanded 
memory capacity. This tutorial paper presents some FIFO- 
memory-capacity expansion methods, and describes the 
built-in support for these methods which Is provided by 
various industry-standard FIFO architectures. 

2. FIFOs AS MEMORY COMPONENTS 

In certain ways, FIFOs behave like memory compo¬ 
nents; in other ways, they behave like logic components. 
Obviously, FIFO-memory expansion techniques are 
aimed at increasing memory size. However, the required 
logic is somewhat subtle and sophisticated, as compared 
with the expansion logic needed with other types of 
memory components. 


2.1 FIFOs as Compared With RAMs 

Within a digital system, FIFOs mostly are used to store 
data words temporarily, while they are ‘just passing 
through’ on their way to some other part of the system. 
Sometimes, they are used to repetitively read out the 
same data block sequentially, over and over again. Ran¬ 
dom-access memories (RAMs), on the other hand, al¬ 
most always are used to store data words which need to 
be kept available, ‘on tap,’ for the entire duration of some 
computational procedure. 

The tendency of RAM devices to get larger over time 
is well known. According to ‘Moore’s Law,’ as stated 
originally by Gordon Moore of Intel Corporation, the ca¬ 
pacity in bits of RAM devices quadruples every two to 
three years, as semiconductor manufacturers continually 
develop larger RAM devices to keep up with the memory 
capacities that digital-system builders and their custom¬ 
ers are demanding. 

The majority of applications for RAMs use large arrays 
of them. Usually, systems need much greater RAM stor¬ 
age capacity than Is to be found within any single physical 
semIconductor-RAM device. 

FIFOs are more likely than RAMs to be deployed in 
systems individually, here and there, one by one. But, 
sometimes, FIFOs too are used in arrays. When there is 
a need for temporary-storage capacity exceeding that of 
any available single physical FIFO device, several indi¬ 
vidual FIFO devices may be teamed up Into an expansion 
array, to comprise a larger ‘effective FIFO.’ 

Some corollary of ‘Moore’s Law’ certainly applies to 
FIFOs; the capacity of single-package FIFO devices has 
been doubling approximately every two years. Thus, at 
any given time, FIFO expansion arrays fill the gap be¬ 
tween the largest single-package FIFO devices available, 
and the still-larger ‘effective FIFOs’ which system design¬ 
ers feel that they need for their very latest applications. 


* This paper was prepared for, and presented at, Northcon/ 93 . It appeared in The Northcon /93 Conference Record; Session 9 , paper 1 . 
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2.2 FIFO Family Pin-Compatibility 

Unlike RAMs, FIFOs have the startling and valuable 
property that their pinouts do not depend in any way on 
their ‘depth,’ i.e., on the number of words which they can 
store. RAMs have to include more memory-address pins 
as their depth increases; but FIFOs don’t have any mem¬ 
ory-address pins to start with. Thus, very deep FIFOs 
frequently have been made pin-compatible with shallow 
ones. 

Consequently, FIFO devices usually are marketed as 
members of ‘families’ of pin-compatible, architecturally- 
Identical, mutually drop-in-interchangeable parts. Mem¬ 
bers of a given family differ architecturally only in the depth 
of their Internal FIFO-memory arrays, and in whatever 
that implies about the behavior of the ‘flag’ status-output 
signals - for instance, how many words the FIFO must 
contain in order to be ‘half full.’ In most FIFO families, the 
depth difference from one family member to the next one 
is by a factor of two, rather than by a factor of four as is 
standard for RAMs. 

It is a fairly common design practice to defer a final 
decision as to the depth of a FIFO, for a given system 
application, until the system has been built and tested 
under realistic operating conditions. Then, deeper FIFOs 
may replace shallower FIFOs, which often speeds up the 
system. Or, Instead, shallower FIFOs may replace deeper 
FIFOs, to save money. In either case, there aren’t any 
address pins to rewire; and the FIFO depth may be 
chosen after the fact, to optimize cost/performance. 

Unless, of course, the system designer needs a FIFO 
deeper than any which is available! When that’s the case, 
the designer suddenly starts taking an Intense interest in 
FIFO depth-expansion methods. 

Obviously, the deepest member of a FIFO product 
family Is the one which is going to get used most often in 
applications Involving depth-expansion. 

3. USING FIFOs IN ARRAYS 

When an array has FIFOs Interconnected In a depth- 
expansion pattern, to provide more words than are avail¬ 
able In any single FIFO device, such interconnection is 
referred to as ‘cascading,’ or sometimes more precisely 
as ‘depth cascading.’ 

In contrast, when the array has FIFOs interconnected 
in a wordwidth-expansion pattern, to provide w/cferwords 
than are available In any single FIFO device, such inter¬ 
connection is referred to as ‘paralleling’ — or sometimes 
as ‘width cascading.’ For clarity’s sake. In this paper 
‘cascading’ always means depth cascading; and ‘width 
cascading’ always is referred to as ‘paralleling' 

Frequently, practical FIFO expansion arrays feature 
both cascading and paralleling. 


3.1 Architectural Support for FIFO Expansion 

Four different Industry-standard FIFO-architectures to 
support depth-cascading have been widely implemented. 
These are: 

(1) Handshake 

(2) Handclasp 

(3-1) One-Wire Token Passing 
(3-2) Two-Wire Token Passing 

Sharp happens to be the only FIFO manufacturer 
producing at least one FIFO having each of these four 
industry-standard FIFO cascading architectures. Sharp’s 
FIFO products Include various alternate-sourced com¬ 
petitor-defined FIFOs, and also Sharp-defined proprie¬ 
tary FIFOs. Included among the alternate-sourced parts 
are FIFOs which support three out of the four industry- 
standard architectures; and there is a Sharp proprietary 
FIFO which supports the remaining architecture. 

This tutorial application note presents each of these 
four architectures, and shows for each of them how to 
hook multiple FIFO devices together for increased depth. 

Increased wordwidth is a separate topic, and is cov¬ 
ered last. In general, unless a system designer is pre¬ 
pared to take the chance that the system will have some 
inherent, hard-to-find Intermittent malfunctions, ‘parallel¬ 
ing’ FIFOs is not just a simple matter of placing them 
side-by-side and hooking their control inputs up In paral¬ 
lel. Rather, there need to be some ‘interlocking’ cross¬ 
coupling Interconnections, so that each paralleled FIFO 
is compelled always to do — or to not do — the same 
operation at the same time. By now, some limited archi¬ 
tectural support also exists in newer FIFOs for interlocked 
paralleling. 

3.2 Synchronous and Asynchronous FIFOs 

In practice, both the ‘handshake’ architecture (1) and 
the ‘one-wire token-passing’ architecture (3-1) have been 
used most successfully in ‘asynchronous’ FIFOs. On the 
other hand, both the ‘handclasp’ architecture (2) and the 
‘two-wire token-passing’ architecture (3-2) have been 
used most successfully in ‘synchronous’ FIFOs. There 
are some pragmatic reasons for this state of affairs, but 
nothing rigid or absolute. 

Here, a ‘synchronous’ FIFO is defined as one which 
<a> uses a free-running ‘write-clock’ signal, which in 
principle is generated by an external oscillator, and is 
gated within the FIFO chip itself by a level-sensitive 
‘write-enable’ signal, to synchronize write operations; and 
also <b> uses a free-running ‘read-clock’ signal, which in 
principle is generated by a second external oscillator, and 
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is gated within the FIFO chip itself by a level-sensitive 
‘read-enable’ signal, to synchronize read operations. 

These two ‘enable’ signals may in principle be com¬ 
pletely independent of one another. Also, between them, 
they completely control the distribution within the FIFO of 
the two free-running clock signals. Thus, by using these 
enable signals to control a synchronous FIFO, a data- 
transfer procedure at one end of the FIFO can be started, 
and also can be stopped, quite independently of any 
data-transfer procedure which may or may not be going 
on concurrently at the other end of the FIFO. 

‘Asynchronous’ FIFOs don’t have any such ‘write-en¬ 
able’ or ‘read-enable’ signals. They can’t even make use 
of free-running ‘clock’ signals, since a data word would 
have to be transferred willy-nilly on every ‘clock’ rising 
edge. 

Or, to state the matter another way: At each end of an 
‘asynchronous’ FIFO, the functionality of the level-sensi¬ 
tive ‘enable’ signal is combined with that of the ‘clock’ 
signal, into a single edge-sensitive ‘demand’ signal. 

Usually, asynchronous FIFOs have ‘Shift In’ and ‘Shift 
Out’ control inputs, which function respectively as ‘write- 
demand’ and ‘read-demand’ control signals. Now, these 
inputs are edge-sensitive, like ‘clock’ signals; that is, a 
rising edge or a falling edge of the signal waveform is what 
causes things to happen, and not a steady-state level. But 
otherwise these Inputs function quite differently from 
‘clock’ signals, in that they cause direct, immediate action 
In and of themselves whenever they occur. 

In general, synchronous FIFOs can operate at much 
higher data-transfer repetition rates, with many fewer 
system-timing headaches, than can asynchronous FIFOs 
which have been produced at the same level of semicon¬ 
ductor process technology. It Is increasingly difficult to 
control the timing and shaping of the ‘demand’ pulses for 
asynchronous FIFOs, in order to achieve reliable opera¬ 
tion with them, as repetition rates become higher and 
higher. As a general guideline, asynchronous FIFOs no 
longer are the best way to go, whenever operating FIFO 
repetition rates exceed roughly 25 MHz. 

3.3 Series and Parallel Data-Bus Connections 

Another distinction, among these various cascading 
architectures, is whether the successive FIFOs in the 
cascade are deployed in series, or in parallel; see Fig¬ 
ure 1. 

In the handshake and handclasp architectures, suc¬ 
cessive FIFOs in the cascade are connected in series as 
in Figure 1a, like a string of sausages. Here, the ‘read’ 
(data-output) bus of the i*’ FIFO Is connected to the ‘write’ 
(data-input) bus of the {i+1 f FIFO. Adata word enters the 


‘effective FIFO’ via the data-input bus of the first FIFO in 
the cascade, and passes through each of the other FIFOs 
in the cascade, and exits via the data-output bus of the 
last FIFO in the cascade. 

Obviously, the data word needs to get handled N times, 
by N different FIFOs. (The case N = 5 is illustrated in 
Figure 1.) All this handling of data Implies greater ‘latency’ 
or ‘pipeline delay,’ and also gives rise to more occasions 
where possibly m/shandling may occur. However, there 
is a compensating advantage: each FIFO output-bus 
driver element is required to drive just one single load. 
And the operating speed of a FIFO with lightly-loaded 
data outputs is relatively predictable. 

In the two token-passing architectures, on the other 
hand, all FIFOs In the cascade are connected in parallel 
as In Figure 1b, somewhat like a bunch of bananas — at 
least, assuming that all of the banana-blossom ends were 
somehow to grow together, like the banana stem ends! 
Anyway, the data-input buses of all of the FIFOs are tied 
together, and the data-output buses of all of the FIFOs 
are tied together. A data word passes through only one 
FIFO in the cascade, no more, on its way through the 
‘effective FIFO’; and so it gets handled just once. 

But now, by duality, there Is an offsetting d/sadvantage: 
the data-input bus and the data-output bus, each of which 
are common to N (here 5) FIFOs, present a greater 
capacitive load to whatever devices are called upon to 
drive them. In the case of the data-output bus, the FIFO 
output-bus driver elements themselves must drive some 
number N-1 of similar data outputs from other FIFO 
devices, which at the moment are in a high-impedance 
state, in addition to whatever other system devices have 
their inputs or their three-state outputs on the FIFO-data- 
output bus. And since the FIFO data outputs now are 
more heavily loaded, their operating speed becomes 
harder to predict. 

The characteristics, strengths, and weaknesses of 
each of these four FIFO cascading architectures are 
summarized In Tables 1 and 2. 


Table 1. Conventional Classification of 
FIFO Cascading Architectures 


TIMING 

CONTROL 

PRINCIPLE 

DEPTH-CASCADING ARRANGEMENT 

SERIES 

PARALLEL 

Asynchronous 

Handshake 

One-Wire 

Token 

Passing 

Synchronous 

Handclasp 

Two-Wire 

Token 

Passing 
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Figure la. Series Connection of Depth-Cascaded FIFOs 



Figure 1 b. Parallel Connection of Depth-Cascaded FIFOs 
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Table 2. Characteristics of FIFO Cascading Architecures 


ARCHITECTURAL 

SCHEME 

USUAL TIMING 

CONTROL 

PRINCIPLE 

NUMBER OF 

TIMES A DATA 

WORD GETS 

HANDLED 

NUMBER OF 

EXTRA LOADS 

ON A DATA 

OUTPUT 

SUITABILITY 

FOR HIGH¬ 
SPEED 

OPERATION 

SHARP FIFOs WHICH 
USE THIS SCHEME 

Handshake 

A 

N 

0 

Very Poor 

LH5481/91 

Handclasp 

S 

N 

0 

Excellent 

LH543620 

One-Wire 

Token 

Passing 

A 

1 

N-1 

Poor 

LH5496/97/9a/99, 

LH540202/03/04/05 

Two-Wire 

Token 

Passing 

s 

1 

N-1 

Very Good 

LH540215/25 


KEY: 

A = Asynchronous. S = Synchronous. N = Number of FIFOs in the cascade. 


4. DESIGN APPROACHES FOR FIFO CASCADING 

This discussion of each cascading architecture refers 
to the Sharp FIFOs having that architecture. However, the 
same analysis applies, equally well, to other manufactur¬ 
ers’ FIFOs having an identical or a similar architecture. 

Even among FIFOs having the same basic cascading 
architecture, there still is some variation In the recom¬ 
mended interconnections. Some FIFOs are designed to 
‘cascade’ without the need for any external ‘glue logic’ 
whatever, but some are not. Neither of these alternatives 
always is necessarily better than the other; there are 
tradeoffs both ways. 

4.1 Cascading Asynchronous-Handshake FIFOs 

The ‘handshake’ architecture for asynchronous FIFOs 
dates back all the way to 1969, when Fairchild introduced 
the 800 KHz PMOS 64x4 type 3341 FIFO. Sharp has 
used this architecture In the 64x8 LH5481 and in the 64x9 
LH5491. Other manufacturers still make 3341-pinout 
64x4 FIFOs, and also 64x5 FIFOs. Of course, these parts 
generally use some more-recent-vintage CMOS technol¬ 
ogy, rather than sticking with PMOS! Anyway, it’s mostly 
the oldest-pinout, smallest-capacity FIFOs which use 
‘handshake’ cascading. 

This architecture is the oldest one of the four. It has 
served semiconductor users well for a quarter of a cen¬ 
tury. Nevertheless, it Is by far the most difficult architecture 
of the four to understand, and to explain. Also, the expla¬ 
nations of the other three architectures do not depend 
strongly on this ‘handshake-cascading’ explanation. Con¬ 
sequently, this section of the paper is not a prerequisite 
to the other sections which follow; and so it may be 
skipped over, if desired. 


Anyway, in the handshake architecture, each FIFO has 
two control inputs. Shift In and Shift Out; and two status 
flags, ‘Input Ready’ and ‘Output Ready.’ As previously 
discussed, these Shift In and Shift Out control Inputs are 
edge-sensitive, rather than level-sensitive. 

Input Ready Is asserted by a FIFO whenever it Is not 
totally full, so that it can accommodate at least one more 
input data word. Output Ready is asserted whenever the 
FIFO Is not totally empty, so that it can furnish at least one 
more output data word. 

The Input Ready and Output Ready status flags have 
the same system meaning respectively as FF (assertive- 
LOW Full Flag) and EF (assertive-LOW Empty Flag) in 
other FIFO architectures. And, even though the nomen¬ 
clature is opposite, the polarity of the actual signal does 
not change; the same logic state of the flag (HIGH or 
LOW) still means exactly the same thing, with respect to 
the internal status of the FIFO. However, when cascading 
asynchronous-handshake FIFOs, the Input Ready and 
Output Ready flags normally function as pulses, and not 
as levels, as is emphasized here in the description of the 
procedure by which data words get transferred from one 
FIFO in a cascade to the next one. 

Asynchronous-handshake FIFOs are cascaded in se¬ 
ries, like sausages, as in Figure 1 a. The interconnections 
from each FIFO, to the next one downstream from it In 
the cascade, are as shown in Figure 2. Output Ready of 
the upstream FIFO is connected to Shift In of the down¬ 
stream FIFO, and Input Ready of the downstream FIFO 
is connected to Shift Out of the upstream FIFO. As for the 
data path, the data outputs of the upstream FIFO are 
connected to the data inputs of the downstream FIFO. 


6-20 


SHARR 






Cascading and Paralleling FIFOs 


FIFO Memories 



SHIFT OUT 


INPUT READY 



UPSTREAM 

OUTPUT READY 


SHIFT IN 

DOWNSTREAM 


FIFO 


FIFO 



DATA OUT 


DATA IN 




DATA FLOW -► 








MIS-12 


Figure 2. Cascading Interface Between 
Handshake-Architecture FIFOs 


With these interconnections, and assuming that the 
FIFO cascade has been operating for a while, the proce¬ 
dure for transferring a data word from the upstream FIFO 
to the downstream FIFO may be described as follows: 

(1) The downstream FIFO’s Input Ready signal be¬ 
comes asserted, whenever it ceases to be full. (Or, 
see Step (6) below.) 

(2) Since this Input Ready signal is connected to the Shift 
Out control input of the upstream FIFO, when it is 
asserted it becomes a read-demand pulse for the 
upstream FIFO. 

(3) Assuming that the upstream FIFO is not empty, so 
that its Output Ready signal has been asserted, it 
then performs a read operation - meaning that its 
internal read pointer gets advanced by one word 
position, and a new word becomes available on its 
data outputs. When those events have occurred, its 
Output Ready signal becomes deasserted. The up¬ 
stream FIFO’s internal logic actually forms the Output 
Ready signal as a delayed and inverted copyoi the 
Shift Out input control pulse which was received from 
the downstream FIFO. So, unless the upstream FIFO 
was entirely emptied out by the read operation which 
it just performed, it then reasserts its Output Ready 
signal, after a time lag determined by an internal-gat¬ 
ing delay from the deassertion of its Shift Out control 
input. 

(4) Since this Output Ready signal is connected to the 
Shift In control input of the downstream FIFO, when 
it is asserted it becomes a write-demand pulse for the 
downstream FIFO. 


(5) Since the downstream FIFO is not full (see Step (1) 
above), its Input Ready signal has been asserted. So 
it then performs a write operation - meaning that the 
new word from the upstream FIFO, which is present 
at its data inputs, gets written into its internal memory, 
and its internal write pointer then gets advanced by 
one word position. When those events have oc¬ 
curred, its Input Ready signal becomes deasserted. 
The downstream FIFO’s internal logic actually forms 
the Input Ready signal as a delayed and inverted 
copy of the Shift In input control pulse which was 
received from the upstream FIFO. 

(6) If the new word just acquired did not fill up the 
downstream FIFO, It then reasserts its Input Ready 
signal, after a time lag which is determined by an 
internal gating delay from the deassertion of Its Shift 
In control Input; and the entire sequence just de¬ 
scribed starts up all over again. (So, go back to Step 
(2), and repeat!) 

The above word description may seem confusing at 
first, because of its inherently recursive, round-and- 
round, never-ending-story flavor! Figure 3 is a waveform 
description; it shows the pulses for one representative 
complete word-transfer cycle. 

The length of the Shift In and Shift Out pulses must be 
well-controlled by internal FIFO circuits. A pulse from one 
FIFO always must be sufficiently long, that It will supply 
enough energy to cause the appropriate action to take 
place In another architecturally-similar FIFO - making 
allowances for lot-to-lot semiconductor-manufacturing 
variations. Also, particular care should be used, when 
laying out the circuit-board wiring for these signals, in 
order to avoid vulnerability to noise problems. Spurious 
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Figure 3. Control-Signal Waveforms for 
Handshake Cascading 


control pulses between cascaded FIFOs may cause er¬ 
roneous data-transfer-procedure steps to occur. 

Nowhere in this entire scene is there any role for a 
controlled, periodic ‘clock* signal. Hence, the timing of the 
data-transfer operations depends entirely on gate delays 
within the FIFO devices themselves. Thus, in principle, 
this timing Is process<lependent. 

The data-word-transfer procedure pauses after every 
word, because of the circuit delays. But It does not halt 
completely, until either the upstream FIFO has become 
empty, or else the downstream FIFO has become full. 
Subsequently, whenever it happens that the upstream 
FI FO is non-empty while the downstream FI FO is non-full, 
the procedure automatically restarts itself again. 

4.2 Cascading Synchronous-Handclasp FIFOs 

Superficially, the arrangement for cascading ‘synchro- 
nous-handclasp’ FIFOs resembles that for ‘asynchro¬ 
nous-handshake’ FIFOs. Again the FIFOs are in series, 
like sausages, as in Figure 1a. And again each FIFO has 
two control inputs, which in principle might be called ‘Shift 
In’ and ‘Shift Out*; and also two status flags, which in 
principle might be called ‘Input Ready’ and ‘Output 
Ready.’ 

But usually, for these synchronous FIFOs, these con¬ 
trol inputs and status flags have different names. In the 
Sharp LH543620 1024x36 synchronous FIFO, ‘Shift In’ 
is called ‘Write Enable’; and there actually are two such 
‘Write Enable’ signals, which get ANDed together. Like¬ 
wise, ‘Shift Out’ is rechristened ‘Read Enable,’ and again 
there are two such ANDed signals. ‘Input Ready’ and 
‘Output Ready’ are renamed ‘Full Flag’ and ‘Empty Flag’ 
respectively, and now are understood as assertive-LOW 
signals. 


And there Is one enormous architectural and behav¬ 
ioral difference, which goes far beyond mere nomencla¬ 
ture or signal assertiveness, and which changes the 
entire character of the data-transfer procedure for the 
handclasp cascading architecture. Now, there is an ex¬ 
ternal, free-running ‘transfer clock’ For any given two 
successive FIFOs in the cascade, this transfer clock is 
connected both to the ‘read-clock’ input at the output port 
of the upstream FIFO, and to the ‘write-clock’ input at the 
Input port of the downstream FIFO. 

So, this transfer clock does allot the necessary timing. 
There is no ‘handshaking’; and the repetition rate of the 
data-transferring procedure isn’t derived from any proc¬ 
ess-dependent internal-gating delays within FIFOs. 

The transfer clock does not have to be the same as 
the write clock which is visible to the rest of the system, 
at the input port of the entire FIFO cascade. Nor does it 
have to be the same as the system-visible read clock, at 
the output port of the entire FIFO cascade. However, for 
overall smoothness of operation, it certainly is desirable 
that the same transfer clock get used at each FIFO-to- 
FIFO Interface, everywhere within the cascade; that is, 
that there only be one transfer clock per ‘effective FIFO.’ 

Apart from the use of the transfer clock, the handclasp 
interconnections between a FIFO and Its downstream 
successor in the cascade look very similar to those for 
asynchronous-handshake FIFOs; see Figure 4. The 
downstream FIFO’s Full Flag is connected to both of the 
upstream FIFO’s Read Enable inputs; and the upstream 
FIFO’s Empty Flag Is connected to both of the down¬ 
stream FIFO’s Write Enable inputs. It is ail right to connect 
duplicate enables together at the FIFO ports interior to 
the cascade; although the duplicate-enable functionality 
often is needed at the two extreme ends (input and output) 
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of the entire FIFO cascade, it isn’t needed for FIFO-to- 
FIFO data transfer within the cascade. 

Full Flag and Empty Flag are assertive-LOW signals. 
Thus, when Full Flag is HIGH, the downstream FIFO is 
not full, and may be written into; and when Empty Flag is 
HIGH, the upstream FIFO is not empty, and may be read 
from. So, the system meaning of these signals resembles 
that of the assertive-HIGH Input Ready and Output Ready 
signals, except of course that now the signals behave as 
levels and not as pulses. But the names, and the seman¬ 
tic-psychological assertiveness perceptions of designers, 
have changed. 

And the mechanism for data transfer from an upstream 
FIFO to a downstream FIFO reduces to the following 
simple rule: Whenever the upstream FIFO is not empty, 
and the downstream FIFO is not full, a data word is 
transferred from the upstream FIFO to the downstream 
FIFO after EVERY transfer-clock rising edge. 

Assuming that the transfer clock never is interrupted, 
this procedure obviously continues until either the up¬ 
stream FIFO becomes empty, or else the downstream 
FIFO becomes full. Thus, the stable quiescent condition 
for the entire FI FO cascade. If neither any write operations 
nor any read operations are taking place, is that all of the 
data words ‘fall to the bottom’ of the cascade, as In a 
‘hopper.’ As a matter of fact, ‘hopper’ Is one synonym for 
‘FIFO’; in the specialized jargon used by the designers of 
digital telephone-switching systems, FIFOs traditionally 
are called ‘hoppers.’ 


4.3 Cascading Token-Passing FIFOs 

Token passing as a method of controlling cascaded 
FIFOs was introduced by Mostek in 1981, in the MK4501 
512x9 asynchronous FIFO. Today, FIFOs which conform 
to the MK4501 asynchronous one-wire token-passing 
architecture dominate the world FIFO market. By now, 
architecturally-compatible descendants of the MK4501 
are offered in every power-of-two depth from 256x9 to 
16384x9. 

Sharp has produced the LH5496/97/98/99 family of 
asynchronous MK5401-architecture FIFOs for several 
years; these are 512x9, 1024x9, 2048x9, and 4096x9 
respectively. Sharp’s newer LH540202/03/04/05 family 
directly replaces the largest three FIFOs in that older 
Sharp family, and adds an 8192x9 FIFO at the deeper 
end. 

The original MK4501 was very slow; its cycle time was 
235 nsec, and its data-access time was 200 nsec. But the 
speed of more-recent architecturally-similar FIFOs has 
improved dramatically. For Instance, Sharp offers speed 
grades of the new LH540202 (1024x9) and LH540203 
(2048x9) FIFOs with the cycle time at 25 nsec, and the 
data-access time and the flag-access times all the way 
down to 15 nsec. 


CLOCK 


UPSTREAM 

FIFO 


READ CLOCK <\ 
READ ENABLE 1 
READ ENABLE 2 

EMPTY FLAG 


DATA OUT 


b WRITE CLOCK 


r 


FULL FLAG 

WRITE ENABLE 1 
WRITE ENABLE 2 
DATA IN 


DATA FLOW 


DOWNSTREAM 

FIFO 


Figure 4. Cascading interface Between 
Handclasp-Architecture FIFOs 
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Nevertheless, operation of asynchronous FIFOs in In either token-passing architecture, FIFOs are cas- 
systems at very high speeds, say above 25 MHz to 30 caded in parallel, like bananas, rather than in series like 

MHz, becomes progressively more difficult. The difficul- sausages. (Refer to Figures 1a, 1b, 5, and 6.) The input¬ 
ties have led to a boom in new synchronous architectures data buses of ail FIFOs In the cascade are tied together, 

for FIFOs. However, some of the earliest synchronous- and likewise for their output-data buses and their Read 

FIFO architectures did not make any explicit provision for Enable and Write Enable control inputs. One FIFO in the 

depth cascading. cascade is designated as ‘first-load’ or ‘master,’ normally 

Subsequently, Integrated Device Technology at- by tying a certain control pin LOW which is tied HIGH for 

tempted to use the one-wire-token-passing architecture all other FIFOs in the cascade. And the token-passing 

in a line of fast 18-bit-wlde synchronous FIFOs. That signalingpinsof all FIFOs in the cascade are connected 

attempt did not succeed; predictably, once in a very great together in a ring configuration, 

while, the ‘one wire’ becomes a severe bottleneck, for When the array of FIFOs is reset, the internal logic of 
reasons which are discussed below. the master FIFO comes up in a slightly different state than 

And so IDT, Sharp, and other manufacturers switched that of the other FIFOs. Actually, there are THREE possi- 

to the two-wire-token-passing architecture for new syn- ble post-reset internal-logic states; besides ‘cascaded- 

chronous FIFOs. Adding the second wire eliminates a master’ and ‘cascaded-non-master’ (or, ‘cascaded- 

troublesome technical problem, and thereby provides slave’), there Is a third state which applies to a ‘stand- 

very much better performance at high speeds. Sharp’s alone’ FIFO, that Is, to a FIFO which is not part of any 

new LH540215 and LH540225 synchronous FIFOs, cascade. 

512x18 and 1024x18 respectively, use the two-wire-to- 
ken-passing architecture. 



Figure 5. Depth Cascading for Three 
One-Wire-Token-Passing 9-Bit Asynchronous FiFOs 
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For concreteness and descriptive simplicity in what 
follows, the FIFO depth Is assumed to be 1024 words. 

According to common sense, the first FIFO operation 
after a reset operation always should be a write operation; 
if you haven’t written anything Into the FIFO yet, there’s 
nothing meaningful in there which you can read back out. 
Thus, when the first write operation is requested of the 
FIFO array after a reset operation, the designated master 
FIFO has the Sprite token’ within its internal write-pointer¬ 
counting and memory-array-addressing logic. There Is 
likewise a ‘read token,’ which this designated master 
FIFO also has within its internal read-pointer-counting 
and memory-array-addressing logic, which comes into 
play whenever the first read operation is requested of the 
FIFO array. 

After 1024 words have been written Into the master 
FIFO, it passes the write token on to the next FIFO in the 
cascade. In between FIFOs, this token takes the form of 
a pulse, LOW-going in all common FIFO architectures, 
and generally having a duration of approximately half of 
one clock interval. 

The read token also Is passed along from one FIFO to 
the next one by this same procedure. But one more thing 
must happens also: a FIFO’s data outputs must be in a 
high-impedance state unless that FIFO has the read 
token, even if that FIFO’s 'Output Enable’ (OE) control 
Input is being asserted. In practice, OE is routed in parallel 
to every FIFO In the cascade, anyway. Thus, the sending 
FIFO’s data outputs go into a high-impedance state as 
soon as the read token has been passed on; and the 
receiving FIFO’s data outputs, which had been in a 
high-impedance state, become active as soon as the read 
token has been received. 

In a FIFO with the one-wIre-token-passing architec¬ 
ture, the ‘one wire’ carries both the write token and the 
read token, at different times. The output pin for the 
sending FIFO usually Is called ‘Expansion Out’ ()^); and 
the input pin for the receiving FIFO usually is called 
‘Expansion In’ (^). 

In a FIFO with the two-wire-token-passing architec¬ 
ture, there is a ‘write-token wire,’ and also a ‘read-token 
wire.’ The output pins for the sending FIFO are called 
‘Write Expansion Out’ (WXO) and ‘Read Expansion Ouf 
(RXO); and the input pins for the receiving FI FO are calle d 
‘Write Expansion In’ (WXI) and ‘Read Expansion In’ (^). 

Whether an ‘effective FIFO’array or an individual FIFO 
is being considered, the ‘empty’ condition may be de¬ 
scribed as the read token catching up with the write token; 
and the ‘full’ condition may be described as the write token 
catching up - almost- with the read token. 

Almost, but not quite; the read token still must be one 
position ahead of the write token, unless a one-word 
‘overrun’ (overwriting a data word location not yet read 


out) has occurred. Now, most FIFO architectures include 
internal ‘interlock* logic to prevent such an overrun. But a 
few FIFOs, for instance Sharp’s LH5492 4096x9 synchro¬ 
nous FIFO, are designed to operate with external inter¬ 
lock logic, and do not have Internal logic to inhibit either 
overrun or the opposite condition, ‘underrun’ (reading out 
from a data word location not yet written). 

Returning to the one-wIre-token-passIng architecture, 
how does a FIFO which has just received a pulse on its 
X\ input know whether that pulse is to be interpreted as a 
read token, or as a write token? Simple, as long as all 
FIFO circuits operate reliably, and there haven’t been any 
spurious noise pulses on the ‘one wire’; the first pulse 
received after a reset operation Is considered to be a write 
token, the second is a read token, the third is again a write 
token, the fourth is again a read token, and thereafter the 
interpretation alternates between write- token and read- 
token. Thus, the Interpretation is determined by the 
equivalent of a trigger flipflop within the FIFO’s internal 
control logic. 

Now, to see why the one-wire-token-passing architec¬ 
ture becomes Inappropriate for high-speed FIFOs, con¬ 
sider what happens when the read token catches up with 
the write token exactly at the point where an XO pulse is 
ready to go out, on the ‘one wire,’ from one FiFO to the 
next FIFO in a cascade. 

What now? The write token is all set to move on to the 
next FIFO, and so is the read token. And, both of these 
pass through the ‘one wire’ between the two FIFOs In the 
form of half-clock-perlod-duratlon LOW-going pulses. So, 
should there be just one regular-length token pulse, or 
one double-length token pulse, or two token pulses? 

The receiving FIFO’s X\ input circuit and read-to- 
ken/write-token trigger flipflop are edge-sensitive. Thus, 
they need to see two distinct pulses- perhaps, even, two 
pulse falling edges; in order to start off both that FIFO’s 
internal write pointer and its internal read pointer, there 
indeed must be two separate LOW-going pulses. And, 
there has to be a long-enough HIGH interval, in between 
these two LOW-going pulses, that they always get de¬ 
tected reliably as two pulses. Any token-pulse detection 
mistake by the receiving FIFO would immediately put the 
entire FIFO array Into an erroneous operating state, from 
which no recovery would be possible without another 
reset operation. That event, in turn, would render all the 
data in the entire FIFO array unrecoverable. 

Extra time must be allocated by the FIFO’s internal 
logic, therefore, just in case it Is necessary on any given 
cycle to generate and propagate two distinct token 
pulses. Consequently, to avoid losing data when this 
condition occurs, this occasional extra time must be 
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allowed for in the design and tinning of the entire system, 
thus reducing system performance. 

On an entirely-random basis, it would be a very rare 
event that the read token would catch up with the write 
token precisely at the most-inconvenient time. However, 
if the system has a standard block length which is some 
power of two, blocks may end precisely on FIFO bounda¬ 
ries fairly often. And, if the system usually writes a block, 
and then reads It before doing anything else, then a 
problem may occur fairly frequently. 

In any case, simply adding the second token-passing 
wire, so that the write token and the read token each have 
their very own wire, completely eliminates this particular 
bottleneck problem. 

Returning to the behavior of the entire FIFO array, the 
array wiring should connect XO (or, WXO and RXO) of 
the last FIFO back to X\ (or, WXI and R)0) of the ‘master’ 
or ‘first-load’ FIFO. After both tokens have gotten started 
off and are circulating through the array, this master FIFO 
becomes activated for writing or reading by receiving the 
applicable token, just like any other FIFO in the array. See 
again Figure 5, for one-wire token passing; also Figure 6, 
for two-wire token passing. 

In some FIFO architectures, the master FIFO takes on 
an additional responsibility, that of computing ‘master’ 
fullness-flag values (FF and EF) for the entire FIFO array. 
The intent of this feature is to eliminate the need for the 
usual ‘jellybean’ logic external to the FIFO array, which 
otherwise is used to compute ‘composite’ fullness flags 
for the entire array. IDT first added this ‘master-flag’ 
feature to the initial version of their two-wire-token¬ 
passing FIFOs, the 512x18/1024x18 IDT72215A/ 
IDT72225A. In these FIFOs, and in the Paradigm Tech¬ 
nology PDM722n5 FIFOs which emulate their architec¬ 
ture, the master FIFO’s FF and EF outputs no longer 
reflect the fullness situation just within the master FIFO 
itself, but instead reflect the fullness situation for the entire 
FIFO array. 

To implement this usage, the master FIFO must know 
how many FIFOs there are in the entire FIFO array. And 
so there is a ‘depth code,’ which must be loaded into a 
master-FlFO internal register by the system. Also, the 
master FIFO must have redundant master counters, to 
keep track of where the write token and the read token 
are In the entire FIFO array, with enough bits to provide 
enough states to encompass representing the complete 
range of addresses for the entire FIFO array. Since any 
physical FIFO device must be capable of filling a master- 
FlFO socket, all the compatible FIFO devices manufac¬ 
tured must include the necessary master-counter logic. 

And, during system operation, if the master read 
counter or write counter ever gets out of synchronization 
with the local read counter or write counter respectively, 


within whichever FIFO currently has the applicable token, 
this discrepancy must get resolved somehow, whenever 
that token again comes around the loop back Into the 
master FIFO’s XJi (or or W\) input. 

In any case, IDT did not go into full-scale production 
with their IDT722n5A x18 FIFOs, but instead has pro¬ 
duced the IDT722n5B versions. These IDT722n5B FI¬ 
FOs no longer Incorporate the master-fullness-flag logic; 
the master FIFO’s FF and EF outputs reflect just the 
fullness situation within the master FIFO itself. Sharp’s 
LH540215 and LH540225 x18 FIFOs are pin-compatible 
replacements for the IDT72215B and IDT72225B x18 
FIFOs respectively. However, Sharp’s versions also have 
some additional flag-synchronization and high-imped- 
ance-read-inhibit functionality, which is outside the scope 
of this paper. [2], [3] 

When a token-passing-architecture FIFO is being 
used ‘standalone,’ and Is not part of any cascade. Its ^ 
(or WXO and RXO) outputs have no cascading-related 
function. Thus, in several different FIFO architectures, the 
^ output or the WXO output has been used opportunis¬ 
tically, to provide a Half-Full Flag (HF) status output 
whenever the FIFO is in ‘standalone’ mode; the applicable 
data sheets show a pin designated as ‘)^/HF,’ or as 
‘WXO/HF.’ The FIFO’s internal logic determines the 
FIFO’s mode, ‘cascaded-master’ or ‘cascaded-slave’ or 
‘standalone, during a reset operation, according to the 
connection of the^ (or WXI or RXI) and ‘first-load’ control 
inputs. 

Of course, when a FIFO Is included within some 
cascade, its HF output is not available. It would not have 
any useful system meaning, even if it were available. 

5. PARALLELING FIFOs 

Previous sections have discussed different architec¬ 
tural approaches to cascading FIFOs, that is, to depth 
expansion of a FIFO array. This final section analyzes 
paralleling FI FOs, that is, width expansion of a FI FO array. 
Of course, both types of expansion may occur within one 
FIFO array. 

In a perfect world, two FIFOs logically and physically 
next to each other, each receiving exactly the same 
waveforms at their corresponding control inputs, always 
would do exactly the same thing at the same time. 

In the real world, the circuit-board wires leading to the 
control Inputs for one of these two FIFOs may be just a 
little bit longer, than those leading to the other FIFO. Also, 
the two FIFO devices may have come from different fab 
lots, and thus may differ in their inherent speed. Both 
should respond to the same control-input-signal combi¬ 
nation in the same way; but one may respond more 
quickly than the other. 
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Apparent reliability problems may arise when control- 
input signals violate setup-time specifications for the two 
FIFOs; but one FIFO is quick enough to be able to 
respond, and the other one isn’t. At that point, it’s possible 
that the write pointers, and/or the read pointers, in the two 
side-by-side FIFOs are no longer pointing at the same 
relative internal FIFO-memory locations. Thereafter, the 
output data stream will consist of full words which are 
derived half from one input-data-stream word, and half 
from the one before it. In this situation, a reset operation 
Is the only way to get the two FIFOs back to tracking each 
other properly again. 

Even though a system designer may have tried very 
conscientiously to observe FIFO timing specifications, 
there are subtle ways in which timing violations may 
occur. Now, as a general rule, the two opposite ends of 
the two side-by-side FIFOs may be responding to clock 
signals, or demand signals, which are not synchronized 
with each other in any way. 

So, say that both FIFOs become completely full, and 
that a read operation comes along at some time which 
Isn’t serendipitous with respect to the write-port timing, 
and creates a vacancy so that one more word now may 
be written. If both FIFOs contain internal interlock logic to 


prevent them from trying to write a word when they are 
full, but this internal logic releases the Internal write-lock¬ 
out signal much more rapidly for one of the two FIFOs 
than for the other one when the vacancy Is created, then 
one FIFO may allow the next write operation - and the 
other one may not! Or, if there also Is external Interlock 
logic in the surrounding system, one FIFO’s Full Flag may 
respond more quickly than the other one’s, causing a 
similar effect. 

This particular type of problem, of paralleled FIFOs 
‘getting out of step’ with each other, may arise either with 
asynchronous FIFOs or with synchronous FIFOs. 

Also, by duality, there is a similar sequence of events 
which may occur at the other ports of the two FIFOs, as 
a consequence of their having become completely empty; 
when another word gets written in at a non-serendipitous 
time, one FIFO may become again ready to output data 
before the other one does. 

A robust solution to this ‘getting-out-of-step’ design 
problem Is the ‘interlocked-crosscoupling’ parallellng-in- 
terconnection scheme shown In Figure 7. The Full Flag 
output of each FIFO is connected to one of the Write 
Enable control Inputs of the other FIFO. And, likewise, the 
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WRITE ENABLE 
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P WRITE CLOCK READ CLOCK <] 
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OUTPUT ENABLE D 
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Figure 7. Crosscoupied Interlocking of 
Paralleled Synchronous FIFOs 
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Empty Flag output of each FIFO is connected to one of 
the Read Enable control inputs of the other FIFO. 

Notice that, even though the Write Enable and Read 
Enable control Inputs are assertive-HIGH, and the Full 
Flag and Empty Flag status outputs are assertive-LOW, 
the polarity of the actual signals still works out OK. When 
the Full Flag FF is deasserted, meaning that the FIFO isn’t 
full and can accept more data words, FF is HIGH - and, 
if it is connected to Write Enable, writing is thereby 
enabled! Ditto for the Empty Flag EF, when it is connected 
to Read Enable. 

The small triangular symbol denotes a change in per¬ 
ceived signal assertiveness, from a driving output to 
driven input(s). 

Now, assuming that the two FIFOs both have internal 
Interlocking to prevent overrun and underrun, neither 
FIFO can respond to a write request or a read request, 
unless both it andXhe other one truly are ready to respond. 
Thus, borderline cases, where one FIFO gets out of step 
with the other one, get suppressed. 

Many FIFOs, Including Sharp’s LH5492 4096x9 and 
LH543620 1024x36 synchronous FIFOs, feature dupli¬ 
cate Write Enable signals, and also duplicate Read En¬ 
able signals, specifically to support interlocked 
crosscoupling. Even if one enable signal of each type Is 
used in this manner, the other one of the same type still 
remains available for control of the FIFO array by the 
system. 

External logic generally is required, in order to 
aosscouple more than two paralleled FIFOs in this man¬ 
ner, since present-day FIFO pinouts don’t provide more 
than two enables of each type. This logic computes a 
‘Composite Full Flag’ and a ‘Composite Empty Flag,’ 
which are logIc-AND functions (with appropriate use of de 
Morgan’s Theorem) of the corresponding flags of the 
Individual FIFO devices. These composite flags are 
routed respectively back to one Write Enable control 
Input, and one Read Enable control input, of each of the 
individual FIFOs. 


6. SUMMARY 

FIFOs are memory components internally. But they 
interact with the system of which they are part, and with 
each other, like logic devices. 

FIFOs often are used in arrays, to expand the memory 
available within the ‘effective FIFO’ which is required by 
the system. The expansion may be either in depth (the 
number of memory words), or in width (the number of bits 
within one memory word), or in both depth and width at 
once. 

Recent FIFOs Include architectural features to make 
depth-expansion (cascading) and width-expansion (par- 
alieling) both more designer-friendly and more reliable. 
Four different cascading architectures are in widespread 
use today. Architectural support for paralleling comes 
down simply to providing extra ‘enable’ control inputs. 
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PACKAGE SELECTIONS: STATIC RAMs 



PIN COUNT (NOMINAL DIMENSIONS) 

PRODUCT 

DIP 

SDIP 

SOJ 

SOP 

TSOP 

PLCC 


18 

22 

24 

24 

28 

28 

32 

24 

28 

24 

2B 

28 

32 

24 

28 

32 

28^ 

32* 

32^ 

52 


(300) 

(300) 

(300) 

(600) 

(300) 

(600) 

(600) 

(300) 

(300) 

m 

(300) 

(400) 

(400) 

(450) 

(450) 

(525) 

(0813) 

(400) 

(820) 

(750) 

PSEUDO-STATIC RAMS 

LH5P832 






X 



X 






X 






LH5P864 
















X 





LH5P8128 







X 









X 



X 


LH5P8129 







X 









X 



X 


STATIC RAMs 

LH5101 


X 



















LH5114 

X 




















LH5116/H 




X 




X 






X 







LH5116S 














X 







LH5118/H 




X 




X 






X 







LH5168/H 






X 



X 






X 


X 




LH5168SH 















X 






LH5168ST 

















X 




LH5168Z8 















X 






LH5168Z9 















X 






LH5268A 






X 



X 






X 






LH51256L 






X 









X 






LH52B256 





X 

X 









X 






LH52252A 



X 







X 











LH52253 





X 






X 










LH52258A 





X 






X 










LH521002 












X 









LH521007A 









!_ 




X 








LH521008 













X 








LH521028 




















X 


1. TSOP(I) 

2. TSOP(II) - Consult factoiy for availability. 
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PACKAGE SELECTIONS: MASK-PROGRAMMABLE ROMs 



PIN COUNT (NOMINAL DIMENSIONS) 

PRODUCT 

DIP 

SOP 

QFP 

TSOP 


28 

32 

40 

42 

28 

32 

40 

44 

44 

44 

64 

32^ 

48^ 


(600) 

(600) 

(600) 

(600) 

(450) 

(S25) 

(525) 

(600) 

(1010) 

(1414) 

(1420) 

(0820) 

(1218) 

MASK-PROGRAMMABLE ROMs 

LH53259 

X 



II ^ 




X 





LH53515 

X 



II X 

X 



X 





LH53H0900 


X 




X 








LH530800A 


X 




X 



X 





LH530800A-Y 


X 




X 



X 





LH531000B 

X 




X 





X 




LH532000B 



X 




X 


X 

X 



X 

LH532000B-S 



X 




X 


X 

X 



X 

LH532100B 


X 




X 






X 


LH53H4100 


X 




X 






X 


LH53H4000 



X 




X 






X 

LH534K00 


X 




X 






X 


LH534P00 



X 




X 



X 



X 

LH534R00 


X 




X 






X 


LH534000B 



X 




X 


X 

X 



X 

LH534000B-S 



X 




X 


X 

X 



X 

LH534100B 


X 




X 








LH534500A 



X 




X 



X 



X 

LH534600A 



X 




X 



X 




LH538P00A 




X 




X 





X 

LH538R00A 


X 




X 






X 


LH538000-S 




X 




X 



X 


1 X 

LH538300B 


X 




X 






X 


LH538500B 




X 




X 


X 

X 


X 

LH538600 




X 




X 


X 

X 


X 

LH5316500C 




X 




X 





X 

LH5316501 




X 




X 






LH53325(X) 








X 



X 




1. TSOP(Typell) 

2. TSOP{Typel) 
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PACKAGE SELECTIONS: FIFO MEMORIES 


PRODUCT 

PIN COUNT (NOMINAL DIMENSIONS) 

DIP 

SOJ 

PLCC 

PQFP 

PGA 

2B 

(300) 

28 

(600) 

28 

(300) 

28 

(450) 

32^ 

(450) 

68 

(950) 

132 

(950) 

120 

(1360) 

FIFOMEMORIES 

LH5481/91 

X 



X 





LH5492 





X 




LH5496/96H 

X 

X 



X 




LH5497/97H 

X 

X 



X 




LH5498 

X 

X 



X 




LH5499 


X 



X 




LH5420 







X 

X 

LH540202 

X 

X 

X 


X 




LH540203 

X 

X 

X 


X 




LH540204 

X 

X 

X 


X 




LH540205 

X 

X 







LH540215/25 






X 



LH543601/11 







X 

X 

LH543620 







X 



1. Rectangular Body (450 x 550) 


SHARR 
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PACKAGING NOMENCLATURE 

DIP - Dual-1 n-line-Package 

• SKDIP ~ Skinny DIP (0.300 inch package width) 

• SDIP - Shrink DIP (0.070 inch lead pitch) 

• CERDIP - Ceramic DIP 
SOP - Small Outline Package 

• TSOP-Thin SOP 

SOJ - Small Outline J-Leaded Package 


ZIP - Zigzag In-line Package 

QFP - Quad Flat Package (Metric Standard) 

• PQFP - Plastic QFP (JEDEC Bumpered 
Standard) 

PLCC ” Plastic Leaded Chip Carrier 
PGA - Pin Grid Array 


NOMINAL DIMENSIONS 
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18DIP (DIP18-P-300) 


18 10 
KS r«~S KS 


o 


'kjJ krl LuJ 

1 9 


23.25 [0.915] 
■ 22.75 [0.896] 


6.55 [0.258] 
6.15 [0.242] 


3.65 [0.144] 
3.25 [0.128] 



[0.173] 

[0.157] 

[0.136] 

[ 0 . 120 ] 


DETAIL 


0.30 [0.012] 
0.20 [0.008] 



7.62 [0.300] 



DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


18DIP 


22DIP (DIP22-P-300) 


DETAIL 


22 12 


) 

_ • 


7.05 [0.278] 
6.65 [0.262] 

kxJ kfJ 

1 11 
27.45 [1.081] 


26.95 [1.061] 


0.3 [0.012] 
0.2 [0.008] 



0°TO 15° 


3.65 [0.144] 
3.25 [0.128] 



7.64 [0.300] 
TYP. 



DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


22DIP-3I 


SHARP 
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24DIP (DIP24-P-300) 



29.85 [1.175] 
29.35 [1.155] 


2.54 [0.100] 
TYP. 


7.05 [0.278] 
6.65 [0.262] 


0.56 [0.022] 
0.36 [0.014] 


3.65 [0.144] 
3.25 [0.128] 



4.4 [0.173] 
4.0 [0.158] 
"3.4 [0.133] 
_ 3.0 [0.118] 


0.51 [0.02] MIN 


0.3 [0.012] 
0.2 [0.008] 


7.64 [0.300] 
TYP. 


DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


24DIP (DIP24>P-600) 



0 13.45 [0.530] 

12.95 [0.510] 


0.30 [0.012] 
0.20 [0.008] 


\ _ 

--0° TO 15° 


31.30 [1.232] 

■ 30.70 [1.209] ■ 


2.54 [0.100] 
TYP. 


0.60 [0.024] 
0.40 [0.016] 


4.45 [0.175] 
4.05 [0.159] 



5.30 [0.209] 
4.90 [0.193] 
■ 3.45 [0.136] 
_ 3.05 [0.120] 


0.51 [0.020] MIN 


15.24 [0.600] 
- TYP. — 



DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


^-6 
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28DIP (DIP28-P-300) 


DETAIL 


28 15 

i2\ . 

) 

.• J 

U ksi Kri kxJ i;;i kxJ 

1 14 

_ 35.0 [1.378] _^ 

r“" 34.4 [1.354] *" 


7.05 [0.278] 
6.65 [0.262] 



3.65 [0.144] 
3.25 [0.128] 



7.62 [0.300] 

. typ. , 



DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


28DIP-1 


28DIP (DIP28-P-W300) 


28 15 

) 


1 14 

^_34.80 [1.370]_^ 

^ 34.54 [1.360] 


7.49 [0.295] 
7.11 [0.280] 



2.54 [0.100] 0.53 [0.021] 0.51 [0.020] MIN 

TYP. 0.38 [0.015] 


DETAIL 


0.30 [0.012] 
0.20 [0.008] 



0° TO 15° 


7.62 [0.300] 

. TYP. , 



DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


28DIP-5I 


SHARR 
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40DIP (DIP40-P-600) 



13.45 [0.530] 
12.95 [0.510] 


52.30 [2.059] 
'51.70 [2.035]' 


0.30 [0.012] 
0.20 [0.008] 




2.54 [0.100] 
TYP. 


4.55 [0.179] 

3.95 [0.155] 

5.40 [0.213] 
^ 4.80 [0.189] 

□ 3.55 [0.140] 
2.95 [0.116] 


0.51 [0.020] MIN 


0.60 [0.024] 
0.40 [0.016] 


15.24 [0.600] 
— TYP. - 



DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


42DfP (DIP42-P-600) 



13.45 [0.530] 
W 12.95 [0.510] 


0.30 [0.012] 
0.20 [0.008] 



54.10 [2.130] 
"53.50 [2.106]' 



2.54 [0.100] 
TYP. 


4.55 [0.179] 

3.95 [0.156] 

~~J 5.40 [0.213] 
4.80 [0.189] 

D 3.55 [0.140] 
2.95 [0.116] 


0.90 [0.035] TYP. 


0.60 [0.024] 
0.40 [0.016] 


15.24 [0.600] 
— TYP. — 



DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


SHARR 
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24SOJ (SOJ24-P-300) 



16.2 [0.638] 
15.8(0.622] 


7.9(0.311] 8.63(0.340] 

7.5 (0.295] 8.23 (0.324] 


3.7(0.146] “I 

3.3(0.130] 2.6(0.102] 1 

I 2.2 [0.087] -L 


0.102 [0.004] 


0.64 [0.025] MIN 

0.8 [0.031]-• 

0.6 [0.024] 




1.27 [0.050] 
TYP. 


0.53 [0.021] 
0.33(0.013] 


1.15(0.045] 
0.85 [0.033] 


0.2 [0.008] 



7.0(0.276] _ J 

6.6(0.260] ^ 


DIMENSIONS IN MM (INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


28SOJ (SOJ28-P-300) 



18.7(0.736] 

‘18.3(0.720] 


7.9(0.311] 8.63(0.340] 

7.5 [0.295] 8.23 [0.324] 


3.7(0.146] “I 

3.3(0.130] 2.6(0.102] 1 

I 2.2 [0.087] -J- 


0.64 [0.025] MIN 

0.8 [0.031]-■ 

0.6 [0.024] 



0.102(0.004] 


0.53(0.021] 

1.27(0.050] 0.33(0.013] 

TYP. 

DIMENSIONS IN MM (INCHES] 


0.20 [0.008] : 


1.15(0.045] 
0.85 [0.033] 



7.0(0.276] _ J 

6.6(0.260] ^ 


SHARR 
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28SOJ (SOJ28-P-400) 



10.4 [0.409] 
10.0 [0.394] 


11.13 [0.438] 
10.73 [0.422] 


3.7 [0.146] ■;- 

3.3 [0.130] 2.6 [0.102] i 
2.2 [0.087] J— 


0.64 [0.025] MIN 



18.7 [0.736] 
18.3 [0.720] ■ 


0.8 [0.031]- 
0.6 [0.024] 


0.102 [0.004] 


1.27 [0.50] 
TYP. 


0.53 [0.0 



DIMENSIONS IN MM [INCHES] 


0.33 [0.013] 

MAXIMUM LIMIT 
' MINIMUM LIMIT 


9.5 [0.374] 
9.1 [0.358] 


32SOJ (SOJ32-P-400) 



DETAIL 


10.4 [0.409] 
10.0 [0.394] 


11.13 [0.438] 
10.73 [0.422] 


21.2 [0.835] 
20.8 [0.819] 


3.7 [0.146] "1 

3.3 [0.130] 2.6 [0.102] i 

I 2.2 [0.087] L 


0.64 [0.025] MIN 

0.8 [0.031] 
0.6 [0.024] 



0.102 [0.004] 


1.27 [0.050] 

TYP. 

DIMENSIONS IN MM [INCHES] 


11 0.53 [0.021] 

^ '^0.33 [0.013] 



MAXIMUM LIMIT 
MINIMUM LIMIT 


9.5 [0.374] 
9.1 [0.358] 
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24SOP (SOP24-P-450) 


1.27 [0.050] 



J—r 

10.60 [0.417] 

0.20 [0.008] 

0.10 [0.004] 


DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


28SOP (SOP28-P-450) 


1.27 [0.050] 





J 10.60 [0.417] 

0.20 [0.008] 

0.10 [0.004] 


DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


SHARR 
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32SOP (SOP32-P-525) 


0.50 [0.020] 
0.30 [0.012] 


1.27 [0.050] 
TYP. 



20.80 [0.819] 
20.40 [0.803] 


11.50 [0.453] 14.50 [0.571] 
11.10 [0.437] 13.70 [0.539] 



12.50 [0.492] 


0.20 [0.008] 
0.10 [0.004] 


2.90 [0.114] 
. 2.50 [0.098] 


0.20 [0.008] 

I 0.00 [0.000] 

1.28 [0.050] 


DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


40SOP (SOP40-P-525) 


0.50 [0.020] 
0.30 [0.012] 


1.27 [0.050] 
TYP. 



1.40 [0.055] 


11.50 [0.453] 14.50 [0.571] 
11.10 [0.437] 13.70 [0.539] 


26.50 [1.043] 
26.10 [1.028] 


1.40 [0.055] 


0.20 [0.008] 
0.10 [0.004] 


1.28 [0.050] 


i 2.90 [0.114] 
I 2.50 [0.098] 


0.20 [0.008] 

I 0.00 [0.000] 

1.28 [0.050] 


DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 
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44SOP (SOP44-P-600) 


0.50 [0.120] 
0.30 [0.012] 


1.27 [0.050] 
TYP. 



13.40 [0.528] 16.40 [0.646] 
13.00 [0.512] 15.60 [0.614] 


14.40 [0.567] 


28.40 [1.119] 
28.00 [1.102] 


0.20 [0.008] 
0.10 [0.004] 


I 2.9 [0.114] r 3.25 [0.128] 
1 2.5 [0.098] 2.45 [0.096] 


0.25 [0.010] 
0.05 [0.002] 


DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


28TSOP (TSOP28-P-0813) 


0.28 [0.011] 0.55 [0.22] 

0.12 [0.005] TYP 

21J1J1MJ1MMJ1MJ1J1S 



12.00 [ 
11.60[ 

• 



13.70 [0.548] 
13.10 [0.524] 


12.60 [0.504] 
12.20 [0.488] 


8.20 [0.323] 
7.80 [0.307] 


0.20 [0.008] 
0.10 [0.004] 


0.15 [0.006] 

I 1.10 [0.044] 
0.90 [0.036] 


1.20 [0.047] 
MAX 


0.20 [0.008] 

0.00 [ 0 . 000 ] 


DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


SHARR 
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32TSOP (TSOP32-P-0820) 


0.30 [0.012] 
0.10(0.004] 


0.50 [0.020] 
TYP. 



18.60 [0.732] 20.40 [0.803] 

18.20(0.717] 19.60(0.772] 


8.20 [0.323] _ 
' 7.80 [0.307] 


0.20 [0.008] 
0.10(0.004] 


0.15(0.006] 

I 1.00(0.039] 


0.20 [0.008] 

0.00 [ 0 . 000 ] 


DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


48TSOP (TSOP48-P-1218) 


0.50(0.020] 0.30(0.012] 

TYP. 0.10(0.004] 



16.60 [0.654] 
16.20 [0.638] 


18.40 [0.724] 
17.60 [0.693] 


12.20 [0.480] 
11.80(0.465] ■ 


0.15(0.006] 

I 0.425(0.017] 


0.20 [0.008] 
0.10(0.004] 


1.10(0.043] 
0.90 [0.035] 


1.20(0.047] 

MAX 


0.425(0.017] 0.20(0.008] 

0.00 [ 0 . 000 ] 


DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 
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44QFP (QFP-44-P-1010) 


0.80 [0.031] 
TYP. 


0.48 [0.019] 
0.28 [0.011] 


0.20 [0.008] 
0.10 [0.004] 



10.20 [0.402] 13.90 [0.547] 

9.80 [0.386] 13.10 [0.516] 


10.20 [0.402] 
9.80 [0.386] 


13.90 [0.547] 
”13.10 [0.516] 



DETAIL 

1.65 [0.065] 
1.25 [0.049] 



11.50 [0.453] 


1.05 [0.041] 
0.65 [0.026] 


1.75 [0.069] 
8 PLACES 


DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


0.20 [0.008] STANDOFF 
0.00 [ 0 . 000 ] 


44QFP (QFP-44-P-1414) 


0.48 [0.019] 
0^0 [0.031] 0.28 [0.011] 

TYP. ^11 ^ 

33TlitVnnnnnnn23“ 


0.20 [0.008] 
0.10 [0.004] 


14.20 [0.560] 18.20 [0.717] 
13.80 [0.543] 17.40 [0.685] 


14.20 [0.560] 
” 13.80 [0.543] 

18.20 [0.717] 
' 17.40 [0.685] 



DETAIL 
2.10 [0.083] 
1.70 [0.067] 



15.80 [0.622] 


- 1.90 [0.075] 
8 PLACES 


DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


1.20 [0.047] 
0.80 [0.031] 


0.20 [0.008] STANDOFF 
0.00 [ 0 . 000 ] 


SH/VRR 
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32PLCC (PLCC32-P-R450) 


.1.27 [0.050] 
4 SIDES BSC 


15.11 [0.595] 
14.86 [0.585] 


14.05 [0.553] 
13.89 [0.547] 



13.46 [0.530] 
12.45 [0.490] 


_11.51 [0.453] 
11.35 [0.447]' 


_ 12.57 [0.495] 
12.32 [0.485] 


0.81 [0.032] 
0.66 [0.026] 


3.56 [0.140] 
10.10 [0.004] I 3.12 [0.123] 



2.41 [0.095] 
1.52 [0.060] 


10.92 [0.430] 
9.91 [0.390] 


I 0.38 [0.015] 
MIN 


DIMENSIONS IN MM (INCHES) ^1^^IM|f 


0.53 [0.021] 
0.33 [0.013] 


32PLCC (PLCC32-P-R450-PED) 


_ 1.27 [0.050] 
4 SIDES BSC 


15.11 [0.595] 
14.86 [0.585] 


14.05 [0.553] 
13.89 [0.547] 



13.46 [0.530] 
12.45 [0.490] 


11.51 [0.453] 
11.35 [0.447] ■ 


_ 12.57 [0.495] 
12.32 [0.485] 


0.81 [0.032] 
0.66 [0.026] 


3.56 [0.140] 
1^^ 10.10 [0.004] I 2.54 [0.100] 



2.41 [0.095] 
1.52 [0.060] 


10.92 [0.430] 
9.91 [0.390] ■ 


I 0.38 [0.015] 
0.13 [0.005] 


DIMENSIONS IN MM (INCHES) SuMUMIT 


0.53 [0.021] 
0.33 [0.013] 


SHARR 
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120PGA (PGA120-C>S1360) 


1.27 [0.050] DIATYP 



35.05 [1.380] 
34.03 [1.340] 


35.05 [1.380] 
34.03 [1.340] 


2.54 [0.100] BSC 



0.50 [0.020] 
0.40 [0.016] 


_ 1.40 [0.055] 

1.14 [0.045] 
-3.30 [0.130]TYP 

4.83 [0.190] 

4.32 [0.170] 


@@@@@ 

@@@@@ 

@@@@@ 

@@@ 

@@@ 

®@@ 

@® ® 

@® ® 
@@® 

@® ® 

® ® ® ® ® 
®@@®@ 
®® @®® 


@®®@®®®@- 
®@®®®®®@- 
®®®®®®®® 
®® @® 
® @® 
® ® ® 
® ® ® 
® @® 
® ® ® 
@@@ 

®®®®®®®® 
@@@@@@@@ 
@@@@@@@®- 


3.30 [0.130] 
2.54 [0.100] 


30.48 [1.200] BSC 


2.54 [0.100] BSC 
- 30.48 [1.200] BSC 


DIMENSIONS IN MM [INCHES] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


SHARR 
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SHARP’S SALES OFFICES & 
HEADQUARTERS LOCATIONS 


HEADQUARTERS 

5700 NW Pacific Rim Blvd. 

M/S 20 Camas, WA 98607 REGIONAL OFFICE 

Tel; 206-834-2500 REGIONAL OFFICE 1825 S. Woodward Ave. 



BRANCH OFFICE 

1025 Royal Lane 
DFW Airport, TX 75261-9035 
Tel; 214-574-5205 
Fax; 214-574-9870 




JAPAN 

SHARP Corporation 

IC Sales Department 
International Sales & Marketing Group 
IC/Electronic Components 
Integrated Circuits Group 
2613-1 Ichinomoto-Cho 
Tenri-City, Nara 632, Japan 
Phone: (07436) 5-1321 
Telex: LABOMETA-BJ63428 
Facsimile: (07436) 5-1532 

EUROPE 

SHARP Electronics (Europe) GmbH 

Microelectronics Division 
SonninstraBe 3 
20097 Hamburg, Germany 
Phone: (49) 40 2376-2286 
Telex: 2161867 (HEEG D) 

Facsimile: (49) 40 2376-2232 

SINGAPORE 

SHARP-ROXY Sales (Singapore) PTE. Ltd. 

lOOG Pasir Panjang Road, Singapore 0511 

Phone: 4731911 

Telex: 55504 (SRSSIN RS) 

Facsimile: 4794105 

MALAYSIA 

SHARP-ROXY Sales & Service Company 
(M), SDN.BHD 

IC/Electronic Component Dept. 

No. IIB, Jalan 223, Section 51-A, 

46100 Pataling Jaya, 

Selangor, Malaysia 
Phone: (3) 7571477 
Telex: RMKL MA37167 
Facsimile: (3) 7571736 


NORTH AMERICA 

SHARP Electronics Corporation 

Microelectronics Group 

5700 NW Pacific Rim Blvd., M/S 20 

Camas, WA 98607, U.S.A. 

Literature: (800) 642-0261 
Phone: (206) 834-2500 
Telex: 49608472 (SHARPCAM) 

Facsimile: (206) 834-8903 

HONGKONG 

SHARP-ROXY (Hong Kong) Ltd. 

3rd Business Division 

Room 1701-1711, Admiralty Centre, Tower 1 
18 Harcourt Road, Hong Kong 
Phone: 8229311/8229348 
Telex: 74258 SRHL HX 
Facsimile: 5297561/8660779 

KOREA 

SHARP Electronic Components 
(Korea) Corporation 

RM 501 Geosung Bldg, 541 Dohwa-dong 
Mapo-ku, Seoul, Korea 
Phone: (02) 711-5813 
Telex: SHARPCC K22080 
Facsimile: (02) 711-5819 

TAIWAN 

SHARP Electronic Components 
(Taiwan) Corporation 

7F, No. 16, Sec 4, Nanking E. Rd. 

Taipei, Taiwan, Republic of China 
Phone: (02) 741-7341 
Telex: 10518 SECT 

Facsimile: (02) 741-7326, (02) 741-7328 



FROM SHARP MINDS 
COME SHARP PRODUCTS”* 
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